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Preface

This document outlines my animation “Motorcade 63”8. The in-
tended audience is those interested in researching the assassina-
tion of John F. Kennedy who want to understand more fully what
I have created, how I went about building it, and why I was moti-
vated to start this project. Due to the technical nature of this work
readers are expected to have extensive experience with assassina-
tion research.

As with all of my published work9 I welcome feedback from people
who want to make a constructive contribution, whether that be to
correct small nitpicking errors (e.g. spelling mistakes), or larger
technical and philosophical criticisms. Please send me an email10

if you wish to share your thoughts, or if you have any queries.

If you are reading this online (and your viewing software allows it),
click on a blue hyperlink to jump to that section in the document or
to open the web link.

This document has been written mostly using UK English, which
occasionally varies from US English, e.g. kerb versus curb. Quota-
tions from other sources are copied verbatim using notation “like
this” in italics and cited with reference to a numerical footnote.
Date formats are kept to the ISO 860111 standard, i.e. YEAR-
MONTH-DAY (e.g. 1963-11-22).

8https://www.marktyler.org/mc63.html
9https://www.marktyler.org

10mailto:jfk@marktyler.org
11https://en.wikipedia.org/wiki/ISO_8601

https://www.marktyler.org/mc63.html
https://www.marktyler.org
mailto:jfk@marktyler.org
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Contents iv

Contents

I Introduction 1

1 Jargon 2

2 Project Genesis 3

II Motorcade 63 5

3 The Abstract Model 6

3.1 Geometry . . . . . . . . . . . . . . . . . . . . . . . . . . 6

3.2 Time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

3.3 Inbetweening . . . . . . . . . . . . . . . . . . . . . . . . 8

3.4 Synchronicity . . . . . . . . . . . . . . . . . . . . . . . 8

3.5 Accuracy . . . . . . . . . . . . . . . . . . . . . . . . . . 10

3.5.1 2D from 3D . . . . . . . . . . . . . . . . . . . . . 10

3.5.2 Photo Observations . . . . . . . . . . . . . . . . 11

3.5.3 Film Frame Rates . . . . . . . . . . . . . . . . . 11

4 The Animation 13

4.1 Timeline . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.1.1 Actor Speeds . . . . . . . . . . . . . . . . . . . . 14



Contents v

4.2 Map underlay . . . . . . . . . . . . . . . . . . . . . . . 15

4.3 Actor overlay . . . . . . . . . . . . . . . . . . . . . . . . 16

4.3.1 Mayor’s Car Elm Turn . . . . . . . . . . . . . . 16

4.3.2 H.B. McLain on Houston . . . . . . . . . . . . . 16

4.3.3 Zapruder & Wiegman . . . . . . . . . . . . . . . 17

4.4 Actor - MPH - Feet text overlay . . . . . . . . . . . . . 18

4.5 Photos & Events overlay . . . . . . . . . . . . . . . . . 18

4.6 Photos & Events text overlay . . . . . . . . . . . . . . 19

III Conclusions 20

5 Shot Sequence 21

5.1 Zapruder Film . . . . . . . . . . . . . . . . . . . . . . . 21

5.2 Earwitness Patterns . . . . . . . . . . . . . . . . . . . 22

5.3 Shot Burst 1 (Z180-Z240) . . . . . . . . . . . . . . . . . 24

5.3.1 One Shot . . . . . . . . . . . . . . . . . . . . . . 25

5.3.2 Two Shots . . . . . . . . . . . . . . . . . . . . . 25

5.4 Shot Burst 2 (Z270-Z330) . . . . . . . . . . . . . . . . . 28

5.4.1 One Shot . . . . . . . . . . . . . . . . . . . . . . 28

5.4.2 Two Shots . . . . . . . . . . . . . . . . . . . . . 28

5.5 Shot Burst 3 (Z360-Z420) . . . . . . . . . . . . . . . . . 32



Contents vi

5.5.1 Zero Shots . . . . . . . . . . . . . . . . . . . . . 32

5.5.2 One Shot . . . . . . . . . . . . . . . . . . . . . . 32

5.5.3 Two Shots . . . . . . . . . . . . . . . . . . . . . 35

5.6 Shot Duration . . . . . . . . . . . . . . . . . . . . . . . 39

6 Red Herrings 41

6.1 HSCA Acoustical Analysis . . . . . . . . . . . . . . . . 41

6.1.1 Siren . . . . . . . . . . . . . . . . . . . . . . . . 44

6.1.2 HSCA Animation Scenario . . . . . . . . . . . . 47

6.2 The Grassy Knoll . . . . . . . . . . . . . . . . . . . . . 48

6.3 An Early Missed Shot . . . . . . . . . . . . . . . . . . . 50

6.4 Lee Bowers . . . . . . . . . . . . . . . . . . . . . . . . . 55

7 Final Thoughts 57

7.1 Certainty and uncertainty . . . . . . . . . . . . . . . . 57

IV Appendices 62

A Project History 63

A.1 Motorcade 63 . . . . . . . . . . . . . . . . . . . . . . . . 63

A.2 This Document . . . . . . . . . . . . . . . . . . . . . . . 65

B The Craftsman’s Tools 66

B.1 Computer Programming . . . . . . . . . . . . . . . . . 67



Contents vii

C Anomalies 68

C.1 Wiegman Timing Anomaly . . . . . . . . . . . . . . . . 68

C.2 Towner Timing Anomaly . . . . . . . . . . . . . . . . . 73

D Animation Data 78

D.1 Actors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

D.2 Photos and Events . . . . . . . . . . . . . . . . . . . . . 78

D.3 Dictabelt Audio Transcript . . . . . . . . . . . . . . . . 78

E Sample Animation Frames 79

E.1 Moorman 3 . . . . . . . . . . . . . . . . . . . . . . . . . 79

E.2 Weaver . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

E.2.1 Weaver & Zapruder Z035 . . . . . . . . . . . . . 81

E.2.2 Weaver & Muchmore . . . . . . . . . . . . . . . 82

E.2.3 Muchmore & Hughes . . . . . . . . . . . . . . . 84

E.2.4 Zapruder Z130 & Muchmore & Hughes . . . . 86

E.2.5 Relative Frame Rates: Z035-Z130, Hughes,
Muchmore . . . . . . . . . . . . . . . . . . . . . 88

E.3 Z150 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

E.4 Z188 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

E.5 Z200, Z175, Z215 . . . . . . . . . . . . . . . . . . . . . 92

E.6 Z255 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96



Contents viii

E.7 Z280 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

E.8 Z313 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

E.9 Z410 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

E.9.1 Road Crater . . . . . . . . . . . . . . . . . . . . 102

E.10 Z420 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

E.11 Z447 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106

E.12 McIntire 1 . . . . . . . . . . . . . . . . . . . . . . . . . 107

E.13 Bond 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

E.14 Atkins films Wiegman . . . . . . . . . . . . . . . . . . 109

E.15 Cabluck 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 110

E.16 Bond 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . 111

F Dealey Plaza Witness Survey 112

F.1 Witness Quality . . . . . . . . . . . . . . . . . . . . . . 113

F.2 Witness Certainty . . . . . . . . . . . . . . . . . . . . . 114

F.3 Shots Fired . . . . . . . . . . . . . . . . . . . . . . . . . 115

F.4 Bunched Shots . . . . . . . . . . . . . . . . . . . . . . . 116

F.5 Shot Burst 1 . . . . . . . . . . . . . . . . . . . . . . . . 116

F.6 Shot Burst 2 . . . . . . . . . . . . . . . . . . . . . . . . 117

F.7 Shot Burst 3 . . . . . . . . . . . . . . . . . . . . . . . . 117

F.8 Shot Permutations . . . . . . . . . . . . . . . . . . . . 118



Contents ix

F.9 Witness Reliability . . . . . . . . . . . . . . . . . . . . 119

F.9.1 Suggestibility . . . . . . . . . . . . . . . . . . . 119

F.9.2 Attentiveness . . . . . . . . . . . . . . . . . . . 121

F.9.3 Equivalence . . . . . . . . . . . . . . . . . . . . 123

F.9.4 Weight . . . . . . . . . . . . . . . . . . . . . . . 125

F.9.5 Time . . . . . . . . . . . . . . . . . . . . . . . . 126

G References 130

G.1 Photos . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

G.2 Films . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

G.3 Website Links . . . . . . . . . . . . . . . . . . . . . . . 131

G.4 Warren Commission . . . . . . . . . . . . . . . . . . . 133

G.5 HSCA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

G.6 Feedback Credit . . . . . . . . . . . . . . . . . . . . . . 134

V Indices 136

List of Tables 137

List of Figures 138

List of Algorithms 141

Index 142



1

Part I

Introduction

Motorcade 63 is an animated reconstruction of the events surround-
ing the assassination of John F. Kennedy. It is based on photos,
films, and corroborated witness testimony with the aim of being as
faithful as possible to the facts. It covers the time period from the
first pilot car turning onto Houston Street to when the rear Dallas
Police car leaves Dealey Plaza under the triple underpass bridge.

The animation is a mathematical model with fixed points on a time-
line which depicts the known positions of the people and vehicles
from the photos and films. A computer program then calculates
how these actors move between the known positions in a smooth
and plausible fashion.

After the completion of the animation I was then able to review the
witness testimony and come to a more informed judgement about
events due to the synchronization of the evidence. Hopefully other
researchers will find it as useful as I do in understanding the events
that unfolded in Dealey Plaza in 1963.
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1 Jargon

Here is a table of acronyms and other jargon that I use many times
in this document.

Table 1: Acronyms and other Jargon
Abbreviation Description

FPS Frames Per Second.
HSCA House Select Committee on Assassinations.
JFK John F. Kennedy.
Mc63 Motorcade 63.
MPH Miles Per Hour.
TSBD Texas School Book Depository.
V.x p.Y Citation: Volume x Page Y.
WCR Warren Commission Report.
WCR CE Warren Commission Report Commission

Exhibit.
Z133 - Z486 Zapruder film frame numbers.
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2 Project Genesis

As 2019 began, I realised that I had been reading books and watch-
ing TV documentaries about the JFK assassination for over thirty
years, and yet some of what happened in Dealey Plaza in 1963
seemed unexplained or ambiguous. A lot of the material I had con-
sumed was extremely unpersuasive due to authors cherry-picking
weak evidence and ignoring stronger contrary evidence.

Even the official investigations, while extensive and mostly credi-
ble, seemed to have rather unpersuasive or disappointing elements
to them. For example the Warren Commission made no attempt to
nail down what happened to the missed shot during the assassina-
tion, which rather dented my confidence in their final conclusions
regarding the Dealey Plaza crime scene.

I started to wonder how I might investigate the events by using my
various analytical skills and a more open ended approach. I de-
cided to sift out all of the facts so I could see what picture would
be formed by only using photographs, films, and corroborated eye-
witness statements. A good example of this was regarding the posi-
tion of officer H.B. McLain during and after the assassination. The
HSCA made very specific claims about the position of his motorbike
due to the sounds recorded on a dictabelt12 during the assassina-
tion, so I thought it would be useful to either prove or disprove this
work.

With no photos or films to prove or disprove the HSCA directly, I
tried to fill in this gap in the evidence by using indirect evidence:
synchronicity13 and deductive logic14.

With hundreds of eyewitnesses, dozens of photos, and several films,
I decided a simple animated reconstruction would be a good way to

12https://en.wikipedia.org/wiki/John_F._Kennedy_assassination_
Dictabelt_recording

13https://en.wikipedia.org/wiki/Synchronicity_(disambiguation)
14https://en.wikipedia.org/wiki/Deductive_reasoning

https://en.wikipedia.org/wiki/John_F._Kennedy_assassination_Dictabelt_recording
https://en.wikipedia.org/wiki/John_F._Kennedy_assassination_Dictabelt_recording
https://en.wikipedia.org/wiki/Synchronicity_(disambiguation)
https://en.wikipedia.org/wiki/Deductive_reasoning
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understand in real time what happened that day in Dallas, and test
some of the theories regarding this case.

I wanted this animation to be a 2D map view so it would be easy
to cross examine using straight lines to check trajectories and lines
of sight. In a 3D model, due to perspective and other problems, the
viewer cannot meaningfully check the veracity of the work. I want
to engage others with Mc63 by allowing them to check their own
ideas, and enable them to suggest improvements to Mc63 if they
spot any errors or have ideas for improvements.

I have seen others succumb to many fallacies in this case, so I
wanted to avoid such problems in my work. One example would be
the “Argument from authority”15 fallacy, such as during “CBS News
Inquiry - The Warren Report”16 when Luis Alvarez17 was used to
add weight to some otherwise implausible theories (e.g. to suggest
a single gunman could aim and fire two shots from a bolt action rifle
in less than 2.5 seconds). We should judge theories on their basis
in fact, not on the curriculum vitae of the person proposing them.

I also wanted to avoid the common mistake of obsessing over the
Zapruder film. While the Zapruder film is a hugely useful piece of
evidence, on its own it only directly proves when one of the three
(or more) shots was fired. Serious researchers will need to look
elsewhere for evidence of the other shots fired that day. This over-
analysis of the Zapruder film creates red herrings such as assuming
a shot was fired because someone turns their head after a few blurry
frames. If these observations of the Zapruder film really were ev-
idence of a shot then dozens of shots were fired that day (a view
which none of the witnesses support).

15https://en.wikipedia.org/wiki/Argument_from_authority
16Part 1, time 38:15 https://www.c-span.org/video/?453991-2/a-cbs-

news-inquiry-warren-report-part-1
17https://en.wikipedia.org/wiki/Luis_Walter_Alvarez

https://en.wikipedia.org/wiki/Argument_from_authority
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://en.wikipedia.org/wiki/Luis_Walter_Alvarez
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Part II

Motorcade 63
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3 The Abstract Model

Mc63 is a 2D map view model of the Dealey Plaza crime scene, with
overlays to depict the motorcade vehicles and other interesting ac-
tors. It is designed to be a useful research tool for checking theories
using lines of sight, bullet trajectories, and timings. The rules of
the animation are set in a computer program with the coordinates
in a database so I can easily modify the model by adjusting the mea-
sured positions and timings.

3.1 Geometry

I have used cubic Bézier curves18 to model the movements of the
actors on the map. These curves operate like tramlines with the
actors moving smoothly along them as they pass through Dealey
Plaza. For example we could look at Congressman Car #1 and verify
its position using photos and films:

• The Hughes film shows it turning onto Houston Street from
Main Street.

• The Dorman film shows it approaching the turn from Houston
Street to Elm Street.

• The Cancellare 2 photo shows the front of it halfway down Elm
Street.

• The Paschall film shows it leaving under the bridge as it
passes Camera Car #1.

These observations allow me to construct a curve which correlates
to these movements, and then overlay this curve on the map to check
the results like this:

18https://en.wikipedia.org/wiki/B%C3%A9zier_curve

https://en.wikipedia.org/wiki/B%C3%A9zier_curve
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Figure 1: Animation Frame “Congressman Car #1 Route”

Copyright (C) 2019-2022 www.MarkTyler.org All Rights Reserved
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(64) Bond 5
MacNeil & Darnell in line with front of Bus #1

Cabluck 2
MacNeil watches Mr Newman thump the ground

Actor - MPH - Feet
13 5.9 Camera Car #1 1202.3
18 22.0 Congressman #1 1525.1
19 15.7 Congressman #2 1390.5
20 13.1 Congressman #3 1447.3
21 11.6 VIP 1382.4
24 8.5 Bus #1 1316.1
25 11.9 Local Press 1178.7
26 8.1 Bus #2 1064.8
27 7.7 R. Smart 694.2
28 8.7 R.J. Dale 527.6
29 6.3 Extra #1 938.1
30 5.2 Western Union 899.2
31 4.6 Signal Corps 871.4
32 4.3 Extra #2 845.0
33 3.8 Bus #3 804.7
34 3.4 Dallas Police Rear 768.2
38 5.6 C.A. Haygood (h) 100.2
49 2.9 P. Willis 275.1
54 2.3 F. Cancellare 371.4
71 8.9 R. MacNeil 97.1
81 2.7 Edgar L. Smith 320.6

3.2 Time

I judge time by using the films taken on the day. We can’t ever
know the exact times due to the primitive nature of the film cameras
used (see section 3.5.3 and appendix C.1), however we can know the
approximate timings involved. Even when we only have still photos
we can still work out what speeds people are moving at due to them
either running or walking (e.g. walking means 2-4 MPH, running
5-15 MPH). Here are some running examples that can be verified:

• James Altgens said he “ran fast down across the Dealey
Plaza”19. Mc63 suggests this was 11-13 MPH.

• Phil Willis ran 12-15 MPH as he went from Houston Street to
Elm Street, according to Mc63.

• David Wiegman ran 11-12 MPH down Elm Street, and to-
wards Beatrice and Charles Hester, according to Mc63.

19WCR V.7 p.517 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_Altgens.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Altgens.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Altgens.pdf
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• C.A. Haygood and Robert MacNeil20 ran up the grassy knoll
reaching a peak speed of around 7-8 MPH. Due to the grassy
incline they did not run quite as fast as others elsewhere on a
flatter and firmer surface (it had been raining that morning
so that area of the knoll was probably a little soft21 ).

These speeds all seem about right to me. If a photo or film showed
someone running, but Mc63 only showed them moving at 2-3 MPH
then this would be too slow. Likewise 20-30 MPH would be too fast.
We can never be 100% certain of exact speeds, but they do need to
be plausible for Mc63 to be close to what really happened in 1963.

3.3 Inbetweening

Once actors have been fixed in space and time for particular key
points, I get the computer to calculate mathematically where the
actors need to be when rendering each animation frame. This pro-
cess is called inbetweening22. In order to do this smoothly I have
used Bézier curves in space and time so the actors move, acceler-
ate and decelerate in a plausible fashion. In addition, I have tilted
the cars and buses to the line of the curve so they move realistically
around bends in the road.

3.4 Synchronicity

At the heart of any reconstruction of the Dealey Plaza scene is an
understanding of how events unfolded. Some of these events were
captured on films and photos so we can see them clearly (e.g. po-
sitions of cars and people). Others however were not captured and
we can only speculate about what happened.

20https://en.wikipedia.org/wiki/Robert_MacNeil
21Sam Holland - “Well, you know it’d been raining that morning” via “Six Seconds

In Dallas” p.122 https://archive.org/details/SixSecondsInDallas
22https://en.wikipedia.org/wiki/Inbetweening

https://en.wikipedia.org/wiki/Robert_MacNeil
https://archive.org/details/SixSecondsInDallas
https://en.wikipedia.org/wiki/Inbetweening
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Using logic and common sense we can deduce some of what hap-
pened even though we don’t have direct proof. For example we know
that based on photos and witness testimony that:

• Soon after the fatal head shot at Z313 B.W. Hargis, J.M.
Chaney, and D.L. Jackson stopped their motorbikes in the
street, as seen in the Nix film.

• Hargis then dismounted and ran across the road in front of
Chaney, as mentioned in an interview:
“I recall it was Officer Hargis jumped off his motor and run
across in front of me.”23

• Chaney and Jackson rode away at some point:
“I said to Jim Chaney ’Let’s go with them’ and we sped away”24
25

• The Bell film shows Hargis standing by the lamppost (but no
sign of Chaney or Jackson). The Paschall film and the Bond 4
photo also show no sign of them either.

We can then logically deduce that:

• Chaney left the scene first because he is visible in the McIn-
tire 1 photo (see appendix E.12) but Jackson is not visible.
Alternatively Chaney and Jackson left at the same time, but
Chaney was travelling much faster (or a combination of both).

23Josiah Thompson transcribed an interview from audio tape from 1971-
73 http://educationforum.ipbhost.com/topic/18602-the-law-of-
unintended-consequences/

24“The Kennedy Assassination Tapes: A Rebuttal to the Acoustical Evi-
dence Theory” by James C. Bowles http://jfk.hood.edu/Collection/
Weisberg%20Subject%20Index%20Files/L%20Disk/Loeb%20William%
20&%20Nackey%20S/Item%2001.pdf

25Notes written by “Officer C” on 1963-11-22. http://www.jfk-online.com/
bowles6.html

http://educationforum.ipbhost.com/topic/18602-the-law-of-unintended-consequences/
http://educationforum.ipbhost.com/topic/18602-the-law-of-unintended-consequences/
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/L%20Disk/Loeb%20William%20&%20Nackey%20S/Item%2001.pdf
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/L%20Disk/Loeb%20William%20&%20Nackey%20S/Item%2001.pdf
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/L%20Disk/Loeb%20William%20&%20Nackey%20S/Item%2001.pdf
http://www.jfk-online.com/bowles6.html
http://www.jfk-online.com/bowles6.html
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We can’t know the exact gap between Chaney and Jackson leaving,
but the absence of one or both of them in various photos and films
does allow us to know within a few seconds what happened.

By using this approach for all of the evidence we can build a fuller
picture of the assassination scene than just the extant photos, films,
and eyewitness testimony would allow. In other words we can build
something greater than the sum of its parts.

3.5 Accuracy

As with all models, Mc63 can never exactly represent its subject.
It is possible to reduce the errors to a minimum by using as many
films and photos as possible. However, some errors will still persist
due to the nature of the measurements, the conceptual model used,
and the absence of evidence during certain parts of the sequence.

3.5.1 2D from 3D

When turning a 3D scene into a 2D model we have to discard the
third dimension. In this case the map cannot reflect the height of
the scene in Dealey Plaza. For example, along Elm Street the road
has an incline of about 3 degrees26 27 28. This will affect the accu-
racy of the speed calculations by less than 1%29:

26HSCA V.6 p.55 https://www.history-matters.com/archive/jfk/
hsca/reportvols/vol6/html/HSCA_Vol6_0031a.htm

27HSCA V.2 p.189 F-145 https://www.aarclibrary.org/publib/jfk/
hsca/reportvols/vol2/pdf/HSCA_Vol2_0912_3_Canning.pdf

28WCR CE 585 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh17/html/WH_Vol17_0144b.htm

29https://en.wikipedia.org/wiki/Trigonometry

https://www.history-matters.com/archive/jfk/hsca/reportvols/vol6/html/HSCA_Vol6_0031a.htm
https://www.history-matters.com/archive/jfk/hsca/reportvols/vol6/html/HSCA_Vol6_0031a.htm
https://www.aarclibrary.org/publib/jfk/hsca/reportvols/vol2/pdf/HSCA_Vol2_0912_3_Canning.pdf
https://www.aarclibrary.org/publib/jfk/hsca/reportvols/vol2/pdf/HSCA_Vol2_0912_3_Canning.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh17/html/WH_Vol17_0144b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh17/html/WH_Vol17_0144b.htm
https://en.wikipedia.org/wiki/Trigonometry
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Algorithm 1 2D from 3D Error

ϵ =
1

cos(3°) = 1.00137 (1)

δ = 0.137% (2)

Ergo if Mc63 says a car is moving at 10 MPH down Elm Street, it
will actually be 10.01 MPH. Thus we can be sure that the speed
quoted is accurate to one decimal place, i.e. +/- 0.1 MPH up to 100
MPH.

3.5.2 Photo Observations

When analysing photographs it’s important to avoid the trap of op-
tical illusions. One example of this is the Altgens 6 photo30 (see
appendix E.6). The bike on the left hand frame is ridden by Chaney
who appears to be looking directly at JFK. However, in reality the
bike is far further back and so by looking across as he does he must
be looking towards the other motorbikes ridden by Hargis and B.J.
Martin.

3.5.3 Film Frame Rates

Most of the films taken before, during, and after the assassination
were made using handheld mechanically wound devices which re-
sults in their frame rates not really being known. Every camera
had its own quirks, and even devices from the same manufacturer
and the same model number would vary. For example the Bell &
Howell 414 PD (the same model, but a different device from the one
used by Abraham Zapruder) was tested by the TV program “CBS
News Inquiry - The Warren Report”31 in 1967 and the frame rates

30Sadly Josiah Thompson fell into this trap in “Six Seconds In Dallas” p.102
https://archive.org/details/SixSecondsInDallas

31Part 1, time 46:10 https://www.c-span.org/video/?453991-2/a-cbs-
news-inquiry-warren-report-part-1

https://archive.org/details/SixSecondsInDallas
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
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of recording varied for the five devices from 15.3 FPS to 20.8 FPS.

In addition, we must be cautious about drawing conclusions based
solely on a single frame rate, as these type of cameras would also
slow down as recording progressed (see appendix C.1 for more de-
tails). With other researchers already making mistakes in this area
it’s important we don’t treat quoted frame rates as gospel truth. The
real frame rate of the films could easily be +/- 10% which has a very
big influence on timings. For example, a measured time of 7 sec-
onds during the assassination could be 6.3 seconds to 7.7 seconds
in real time using this margin for error.

Instead of synchronizing with numbers, I felt it was better to syn-
chronize with visual information in the frames of the films. For ex-
ample the Zapruder, Nix, and Muchmore films all overlap around
the time of the fatal shot. By studying these individual frames I
concluded that the frame rates of the films were roughly the same
during those few seconds. In other words if the Zapruder film was
really recorded at around 18.3 FPS then the Nix and Muchmore
films will be a very similar rate also.
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4 The Animation

The canonical version of Mc63 is stored as an MP4 file containing a
1080p 60 FPS video and stereo 44.1 kHz audio. It visually depicts
the vehicles of the motorcade moving in real time, along with some
of the important witnesses, photographers, and film makers. To
help people understand the events I have used semi-transparent
overlays to depict photos or frames in films (yellow flashes), lines of
sight of the witnesses (purple flashes), and Zapruder film evidence
of bullet impacts (red flashes). More details regarding photos and
events appear in the top left text box, and the speeds of the actors
are listed on the right hand side. See appendix E for some sample
frames, and appendix D for the exact timings of events and a list of
actors.

Algorithm 2 Animation Frame Rendering

for ( frame = first; frame <= last; frame++ )
{

render_map_underlay ();
render_actors_overlay ( frame );
render_photo_event_overlay ( frame );
render_text_overlays ( frame );

}

The audio track is a sound collage32 built around the dictabelt
recorded on the day of the assassination by the Dallas Police De-
partment33 (previously edited by Steve Barber). Other parts of
the audio track are from: my own recordings; sound effects down-
loaded from freeSFX34; which have all been mixed together to try
and recreate the parade ambience from Dealey Plaza. By doing this

32https://en.wikipedia.org/wiki/Sound_collage
33MR84-49. Dallas Police Department. John F. Kennedy Presidential Library

and Museum, Boston. https://www.jfklibrary.org/about-us/news-and-
press/press-kits

34https://www.freesfx.co.uk

https://en.wikipedia.org/wiki/Sound_collage
https://www.jfklibrary.org/about-us/news-and-press/press-kits
https://www.jfklibrary.org/about-us/news-and-press/press-kits
https://www.freesfx.co.uk


4 The Animation 14

I can better understand the witness confusion, especially regarding
the shots (e.g. how many were fired, and in what timespan).

4.1 Timeline

When preparing the animation, time is broken into three contigu-
ous parts:

• Pre-Zapruder film frame Z133.

• Zapruder film frames Z133-Z486.

• Post-Zapruder film frame Z486.

For the duration of the Zapruder film I have assumed the usual
rate of 18.3 FPS. Despite this number almost certainly being wrong
for much of this sequence, it is the convention for assassination re-
search so I have stuck with it for the sake of consistency. See section
3.5 and appendix C.1 for further discussion of film frame rates.

I decided to split this timeline into three parts because it allows me
to explore the possibility of a different frame rate for the Zapruder
film. The computer software I have created can be adjusted to use
a different frame rate for the Zapruder film, which is displayed on
the status bar at the bottom of the main window (see figure 11 in
appendix B.1).

4.1.1 Actor Speeds

By using the films we can determine the speeds of the vehicles. For
example the Muchmore film shows us the advanced three motor-
bikes as they turn from Main Street to Houston Street. This ma-
noeuvre takes 62 frames for the lead bike (S.Q. Bellah) to go from
the white line on Main Street to the white line on Houston Street.
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At 18 frames per second this is about 3.4 seconds, and Mc63 has the
bike travelling at about 5-8 MPH as it turns and then accelerates
away.

Figure 2: Film Frames “Muchmore 168 & 230”

4.2 Map underlay

The map is a scale model of the Dealey Plaza area with measure-
ments for the TSBD and other buildings having been checked with
the HSCA35 36, satellite imagery37, and cross checked with contem-
porary photos taken in 1963. Of particular note are the lampposts
and signs because they were changed fairly soon after the assas-
sination. Other less accurate models I have seen do not faithfully
reproduce the locations of these items as they use positions found
in the 1970’s or later. However, I need the items to be in the correct
place because I use their relative positions to judge the positions of
the actors via triangulation38 and photogrammetry39.

35HSCA V.6 p.39 https://aarclibrary.org/publib/jfk/hsca/
reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf

36http://www.the-puzzle-palace.com/topo-dealey-1.png
37Google Maps https://www.google.com/maps/place/Dealey+Plaza/

@32.7786492,-96.8090798,231m/data=!3m2!1e3!4b1
38https://en.wikipedia.org/wiki/Triangulation
39https://en.wikipedia.org/wiki/Photogrammetry

https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
http://www.the-puzzle-palace.com/topo-dealey-1.png
https://www.google.com/maps/place/Dealey+Plaza/@32.7786492,-96.8090798,231m/data=!3m2!1e3!4b1
https://www.google.com/maps/place/Dealey+Plaza/@32.7786492,-96.8090798,231m/data=!3m2!1e3!4b1
https://en.wikipedia.org/wiki/Triangulation
https://en.wikipedia.org/wiki/Photogrammetry
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4.3 Actor overlay

The information I used regarding vehicles in the motorcade comes
from the work of Todd Wayne Vaughan and is available from the
Weisberg Collection at Hood College40 and the Internet Archive41.
The cars and buses are drawn to scale, with the humans and bikes
set as fixed sized circles for clarity.

4.3.1 Mayor’s Car Elm Turn

This is a very useful part of the sequence as it synchronizes sev-
eral important photos and films together. It begins at Z180 (see
appendix E.4) when we see the front wheel and the top of the win-
dows of the Mayor’s car passing behind the pedestrians on Houston
Street just before the turn onto Elm Street. The fixed position of
Zapruder and the edge of the reflecting pool makes it fairly easy to
judge on the map exactly where the Mayor’s car is at this point.

We also know that the Mayor’s car is not visible in the Altgens 6
photo at Z255 (see appendix E.6) so we must position it to the south
of this line of sight.

The next sighting of the Mayor’s car is by the traffic lights when
David Wiegman starts his film circa Z280 (see appendix E.7).

The speed of the Mayor’s car is roughly 7-12 MPH going in and out
of this turn which seems credible for a turn of this tight nature, and
the speed of the vehicles ahead.

4.3.2 H.B. McLain on Houston

We first see McLain turning onto Houston Street in the Hughes
film. Due to the Vice President Secret Service follow up car turning

40http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%
20Files/M%20Disk/Motorcade%20Route/Item%2015.pdf

41https://archive.org/details/nsia-MotorcadeRoute/nsia-
MotorcadeRoute/Motorcade%20Route%2005

http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/M%20Disk/Motorcade%20Route/Item%2015.pdf
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/M%20Disk/Motorcade%20Route/Item%2015.pdf
https://archive.org/details/nsia-MotorcadeRoute/nsia-MotorcadeRoute/Motorcade%20Route%2005
https://archive.org/details/nsia-MotorcadeRoute/nsia-MotorcadeRoute/Motorcade%20Route%2005
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in the background we can peg this time to Z150 (see appendix E.3)
as the Zapruder film shows this turn in this position at Z150 with
the back of the car just to the left of the reflecting pool. McLain was
in the Hughes film field of view for about a second, which based on
Mc63 and the angle of view means he was travelling at about 10
MPH.

Z254 is an interesting frame because we can see some kind of white
area behind camera car #2. This could be the bike of M.L. Baker,
because Mc63 has him very close to that line of sight.

Lastly we have McLain in the Dorman film at around Z410 (see
appendix E.9).

Throughout all this time, the speed of McLain seems about right
with 10 MPH on the Main to Houston turn; 10-12 MPH along the
Houston straight; and then decelerating to just under 5 MPH turn-
ing onto Elm. This speed turning the bend onto Elm Street is ex-
actly what B.J. Martin42 said in his testimony (he took exactly the
same tight inside line around the corner as we see in the Hughes
film).

4.3.3 Zapruder & Wiegman

Circa Z447 (see appendix E.11) is a very interesting point in the
animation as it roughly synchronizes the Wiegman film with the
Zapruder film. In the Wiegman film we see:

• The National Press Pool car has stopped, or is stopping with
its brake lights on (presumably with the Mayor’s car likewise
ahead).

• B.W. Hargis has dismounted to the left of the frame.
42WCR V.6 p.290 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Martin.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Martin.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Martin.pdf
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• We can see the Presidential limo in the distance. Its flag on the
right is close to one of the lampposts so I use this to triangulate
with the Zapruder frame to work out the positions.

• Two objects just above the roof of the National Press Pool car
resemble the size, shape, and positions of the helmets belong-
ing to J.M. Chaney and D.L. Jackson after they had stopped
their bikes.

4.4 Actor - MPH - Feet text overlay

I thought it would be useful to show how fast each actor was going
at any time so I added this text box to the right hand side of the
animation. If an actor is moving and it is in the visible area, then
it will have its speed listed here in the order of its ID. I have also
listed the total distance travelled by the actor along its route, which
is useful for analysis.

4.5 Photos & Events overlay

To help viewers understand the animation with respect to the pho-
tographic and film record I added yellow flashes for moments that
a photo was taken. By doing this anybody can check the veracity
of my measurements by checking the positions of the actors within
the yellow triangle relative to the view of the photographer.

I also added some purple flashes to depict various eyewitness
events, such as when a witness saw a gun in the sixth floor win-
dow.
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4.6 Photos & Events text overlay

After I first published Mc63 I received some very useful feedback
from the research community43. For example Pat Speer44 suggested
I have a text box to explain what photos were currently being de-
picted in the animation. This was a rather nice idea as it allowed
me to add a small piece of text to explain what is happening at any
moment. The viewer can press the pause button on the video at any
time and reflect on what a witness has just seen, or which photo has
just been taken.

43For a full list of feedback contributors see section G.6.
44http://www.patspeer.com

http://www.patspeer.com
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Part III

Conclusions

While the animation I have created cannot explain the bigger pic-
ture of the assassination of JFK, it is possible to use it to deter-
mine some of what did, and did not happen in the Dealey Plaza
crime scene. Specifically, Mc63 can be used to synchronize evi-
dence; check the veracity of any theory; and to confirm or deny in-
dividual witness testimony.

Occam’s Razor states:

“Entities should not be multiplied without necessity”45

One of the traps that researchers sometimes fall into is to over-
analyse small details (e.g. people turning their heads in the Za-
pruder film); then explain those details using unprovable and over-
engineered speculation such as Gerald Posner46 suggesting that the
first shot hit a branch at one end of Dealey Plaza; then deflected off
at a random angle; and finally struck James Tague at another end
of Dealey Plaza47. See appendix E.9.1 for a scientific experiment
disproving this speculation.

The antidote to this is Occam’s Razor which cuts away needless com-
plexity by explaining all of the salient evidence using the simplest
possible means. Contentious or ambiguous details can be put to one
side so we only focus on independently verifiable facts (e.g. multiple
independent witnesses describing the same event happening at the
same time, but from a different point of view).

45https://en.wikipedia.org/wiki/Occam%27s_razor
46https://en.wikipedia.org/wiki/Gerald_Posner
47“Case Closed” Chapter 14, p.324

https://en.wikipedia.org/wiki/Occam%27s_razor
https://en.wikipedia.org/wiki/Gerald_Posner
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5 Shot Sequence

Much controversy exists over the shots fired in Dealey Plaza due to
conflicts between different witness statements, and different ways
of interpreting events in the Zapruder film. Although I don’t think
it is possible to fully explain the events in Dealey Plaza using the
photos, films, and witness statements, I do think it’s possible to
create a framework which places boundaries on the possibilities.
Once this is done, we can exclude the more implausible theories
and we will be left with the more likely shot scenarios.

5.1 Zapruder Film

As we can see from the Zapruder film there are two obvious signs
of the victims being struck by bullets during these times:

• Z225-Z230

• Z313-Z318

These two events are unambiguously the result of gunshot wounds.
Due to the Stemmons Freeway sign, the Zapruder film doesn’t re-
veal the exact moment that the two victims were hit so the shot
could have been fired from any point during Z185-Z220. If the move-
ments we see at Z225-Z230 are the initial reactions then the gun-
shot was probably fired during Z210-Z220. However if this is a re-
action to a second shot, then the first shot could have been fired
earlier, such as Z185-Z200 (which may have missed the victims in
the car).

I don’t see any other obvious places in the Zapruder film where the
victims are hit, or where other witnesses react to the sound of gun-
fire. However, the film is not a complete record of all events so shots
could have been fired elsewhere in the timeline and that evidence
was not recorded by the film.



5 Shot Sequence 22

As the Zapruder film and other photographic evidence can’t help us
locate the time of the other gunshots, we must use information from
the witnesses. To this end I have completed an exhaustive survey
of the witness statements in appendix F.

5.2 Earwitness Patterns

Sadly the eyewitnesses did not give a single consistent explanation
of the shots. Many said there were three well spaced shots which
were roughly equidistant apart. Many others said that two of the
shots were closely bunched48. Because of this apparent contradic-
tion, I think it’s impossible to say with certainty how many shots
were fired.

From studying the witness statements it seems that no witness
heard more than three bursts of noise during the shooting. Even
A.J. Millican who says he heard eight shots, grouped those shots
into three parts:

“Just after the President’s car passed, I heard three shots come from
up toward Houston and Elm right by the Book Depository Build-
ing, and then immediately I heard two more shots come from the Ar-
cade between the Book Store and the Underpass, and then three more
shots came from the same direction only sounded further back.”49

A large number of witnesses heard some of the shots bunched
closely together, which I interpret as meaning they heard two shots
within a second or two. Merriman Smith was travelling in the Na-
tional Press Pool car which was in front of the TSBD during the
shooting. Within minutes of the assassination he said:

“There were three loud bursts.”50

48Witness survey, appendix F.4
49WCR V.19 p.486 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh19/html/WH_Vol19_0252b.htm
501963-11-22 UPI report https://www.newspapers.com/clip/29241344/

texas_newspaper_headlines_about

https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0252b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0252b.htm
https://www.newspapers.com/clip/29241344/texas_newspaper_headlines_about
https://www.newspapers.com/clip/29241344/texas_newspaper_headlines_about


5 Shot Sequence 23

James Altgens used the same word:

“There was a burst of noise—the second one I heard”

“The motorcade was moving along in routine fashion until there was
a noise like fireworks popping”51

The interesting thing about these quotes is that they encapsulate
both of the seemingly incongruous elements of the witness accounts:

• There were three separate well spaced shots.

• There were shots very close to each other, which some people
interpreted as: firecrackers; fireworks popping; or bursts.

Some witnesses may have interpreted a single shot as two shots, as
Welcome Eugene Barnett helpfully explained to the Warren Com-
mission:

“The whole sound echoed. The sound lingered, but as far as just two
definite distinct sounds, when each shot was fired, that one sound
would linger in the air, but there would be nothing else until the next
shot.”52

In other words, there is more than one noise associated with each
gunshot53:

• The muzzle blast54.

• The bullet creates a sonic boom55 if it breaks the speed of
sound.

511963-11-22 https://www.newspapers.com/clip/30095935/kennedy_
assassination_63_pt_4

52WCR V.7 p.541 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_Barnett.pdf

53https://en.wikipedia.org/wiki/Gunshot
54https://en.wikipedia.org/wiki/Muzzle_flash
55https://en.wikipedia.org/wiki/Sonic_boom

https://www.newspapers.com/clip/30095935/kennedy_assassination_63_pt_4
https://www.newspapers.com/clip/30095935/kennedy_assassination_63_pt_4
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Barnett.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Barnett.pdf
https://en.wikipedia.org/wiki/Gunshot
https://en.wikipedia.org/wiki/Muzzle_flash
https://en.wikipedia.org/wiki/Sonic_boom
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• The sounds of the bullet impacting its target, such as after a
ricochet56.

When considering sounds in quick succession we must also be aware
of echoes and reverberations which some witnesses reported. For
example Lee Bowers testified that:

“I heard three shots. One, then a slight pause, then two very close
together. Also reverberation from the shots.”57

5.3 Shot Burst 1 (Z180-Z240)

The exact timing of the first shot is tricky to judge, but almost all
of the witnesses who gave useful timing information suggest that
it was after Z180. For example Hugh Betzner and Phil Willis took
photos at Z186 and Z202, which sandwiched the noise of the first
shot according to their respective testimony:

Betzner - “I took another picture as the President’s car was going
down the hill on Elm Street. I started to wind my film again and I
heard a loud noise.”58

Willis - “Then my next shot was taken at the very–in fact, the shot
caused me to squeeze the camera shutter, and I got a picture of the
President as he was hit with the first shot. So instantaneous, in fact,
that the crowd hadn’t had time to react.”59

56https://en.wikipedia.org/wiki/Ricochet
57WCR V.6 p.287 https://history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Bowers.pdf
58Witness statement 1963-11-22 WCR V.19 p.467 https://www.history-

matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0243a.htm
59WCR V.7 p.493 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh7/html/WC_Vol7_0251a.htm

https://en.wikipedia.org/wiki/Ricochet
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Bowers.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Bowers.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0243a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0243a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/html/WC_Vol7_0251a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/html/WC_Vol7_0251a.htm
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5.3.1 One Shot

Most reliable witnesses heard one shot in this burst60. In most cases
the witnesses also associate this shot with JFK raising him arms,
which we see beginning at Zapruder frame 225. If there was only
one shot in this burst this, it must have been fired a short time
before Z225.

5.3.2 Two Shots

Several witnesses reported that there were two shots fired in quick
succession at the beginning of the assassination. For example John
Connally said he was not hit by the first shot he heard. Specifi-
cally he said he reacted to the shot that hit him “almost close to
two seconds”61 after hearing the first shot. This exactly matches a
shot fired at Z185, where he reacts 2-3 seconds later at Z224-Z240.
In other words John Connally’s testimony exactly matches the Za-
pruder film, which offers some corroboration for this shot scenario.
Here is the quote from the Warren Commission where Connally em-
phasises the rapidity between the first shot and his reaction:

“I knew it when I just looked down and I was covered with blood,
and the thought immediately passed through my mind that there
were either two or three people involved or more in this or someone
was shooting with an automatic rifle. These were just thoughts that
went through my mind because of the rapidity of these two, of the
first shot plus the blow that I took,”62

If this testimony is accurate, then we have two shots being fired
within two seconds, which is proof of a second gunman and a prob-
able conspiracy because Oswald wouldn’t have been able to reload
and aim his bolt-action gun in those two seconds. It should also be

60Witness survey, appendix F.5
61Press conference 1966-11-23 https://youtu.be/uvUaJLrdoSs?t=150
62WCR V.4 p.133 https://aarclibrary.org/publib/jfk/wc/wcvols/

wh4/html/WC_Vol4_0071a.htm

https://youtu.be/uvUaJLrdoSs?t=150
https://aarclibrary.org/publib/jfk/wc/wcvols/wh4/html/WC_Vol4_0071a.htm
https://aarclibrary.org/publib/jfk/wc/wcvols/wh4/html/WC_Vol4_0071a.htm
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borne in mind that Connally has always said that he never heard
the shot that hit him:

“I have no memory, no recollection of the sound of the shot that hit
me.”63

Virgie Baker and Royce Skelton support the first shot missing sce-
nario, as they both saw the first shot hit the road near the Presiden-
tial limo (see appendix E.5). Baker located the impact as the south
lane of Elm Street to the left of the limo64:

Baker - “looking in that direction after the first shot she saw some-
thing bounce from the roadway in front of the Presidential automo-
bile and now presumes it was a bullet bouncing off the pavement.”65

Skelton - “Mr Skelton noticed that as an open limousine turned on
Elm Street, it had moved approximately one hundred feet at which
time he noticed dust spray up from the street in front of the car on
the driver’s side.”66

“Just about the same time the car straightened up—got around the
corner—I heard two shots,”67

“I could see the smoke coming up off the cement.”

The exact timing of this first missed shot is tricky to judge but the
reaction of George Hickey helps us somewhat:

“After a very short distance I heard a loud report which sounded
like a firecracker. It appeared to come from the right and rear and

63Press conference in “Rush To Judgment” from Mark Lane and Emile de Anto-
nio, time 19:40 https://archive.org/details/RushToJudgment_608

64WCR CE354 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh16/pdf/WH16_CE_354.pdf, V.7 p.509 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Baker.pdf

65FBI interview 1963-11-24 WCR CD5 https://www.history-matters.com/
analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_
0088a.gif

66FBI interview 1963-12-17 CD205 https://www.history-matters.com/
analysis/witness/witnessMap/documents/wcd/wcd_0087a.gif

67WCR V.6 p.237 1964-04-08 https://www.history-matters.com/
archive/jfk/wc/wcvols/wh6/pdf/WH6_Skelton.pdf

https://archive.org/details/RushToJudgment_608
https://www.history-matters.com/archive/jfk/wc/wcvols/wh16/pdf/WH16_CE_354.pdf
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seemed to me to be at ground level. I stood up and looked to my right
and rear in an attempt to identify it.”68

In the Zapruder film Hickey is seen looking to his left at Z193, and
he then proceeds to turn to his right up until he disappears after
Z207 which is consistent with a shot fired Z180-Z185.

Jean Hill was on the south side of Elm Street and she said on the
day of the assassination:

“Two shots rang out and he grabbed his chest.”69

Kenneth O’Donnell was in the Secret Service follow up car and he
said:

“the first two came almost simultaneously, came one right after the
other, there was a slight hesitation, then the third one.”70

Charles Bronson said he snapped his photo in response to the first
shot noise (Mc63 suggests this moment was Z228). Bronson was
about 370 feet from the sixth floor window so the sound from the
gunshot would have taken 0.33s to reach him (the speed of sound
being 1125 ft/sec71), with about 0.2s reaction time, and another 0.3s
to press the camera button and expose the film he would have taken
his photo at least 0.83s after the first shot. This means the first shot
he heard was fired Z213 or before, which is a different shot to the one
fired around Z220 which I presume to be the one that hit JFK and
John Connally. Two days after the assassination Bronson wrote in
a letter: “I heard the first two shots ring out in rapid succession and
a slight pause before the third shot rang out”72.

681963-11-30 statement - WCR V.18 p.762 https://history-matters.com/
archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf

69WFAA/ABC 1963-11-22 https://www.youtube.com/watch?v=
OzSy2w8E5yk

70WCR V.7 p.448 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_ODonnell.pdf

71https://en.wikipedia.org/wiki/Speed_of_sound
72“Pictures of the Pain” by Richard Trask p.283

https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://www.youtube.com/watch?v=OzSy2w8E5yk
https://www.youtube.com/watch?v=OzSy2w8E5yk
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_ODonnell.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_ODonnell.pdf
https://en.wikipedia.org/wiki/Speed_of_sound


5 Shot Sequence 28

5.4 Shot Burst 2 (Z270-Z330)

5.4.1 One Shot

Most reliable witnesses heard a one shot in this burst73. In the
Zapruder film we see the effects of this shot at frame Z313. If this
shot was fired from the sixth floor window of the TSBD it would
have been fired at Z31074

5.4.2 Two Shots

A sizeable minority of reliable witnesses heard two shots in quick
succession in the second burst of gunfire. For example, Mary Wood-
ward was standing on the north side of Elm Street as the limo
passed her at the time of the first shot:

“Then the shooting—there was one shot and I have always believed
it didn’t hit anybody and I think a lot of research has shown I am
probably right on this because I couldn’t see anything happen and I
couldn’t figure out what it was.”

“But then the next two shots came very very rapidly the sound of one
didn’t kind of fade away before the second shot came.”75

Carolyn Walther was originally standing on the eastern side of
Houston Street and then walked 50 ft north to Elm Street after
the Presidential limo passed her:

“At about the time they reached the curb at Elm Street, she heard a
loud report and thought it was fireworks. There was a pause after

73Witness survey, appendix F.6
74It took 2 frames for the bullet to travel at 2000 ft/sec from the gun to the

victim, and 1 frame for the camera to record the resulting explosion. HSCA
V.6 p.27 https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/
pdf/HSCA_Vol6_2_Shots.pdf

752015-11-07 https://youtu.be/Eim4Pu57FZc?t=663

https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
https://youtu.be/Eim4Pu57FZc?t=663
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this first report, then a second and third report almost at the same
time, and then a pause followed by at least one and possibly more
reports.”76 77

Standing with Walther was Pearl Springer who was quoted in an
FBI interview as saying:

“After the Presidential party passed her and turned the corner going
west on Elm Street, she heard what she thought was a shot. At first
she thought it was some kind of salute, but this shot was followed
by two more. She recalled that after the first shot there was a pause,
then two more shots were fired close together.”78

Corroborating Walther’s account was Ruby Henderson who is
quoted in an FBI interview from 1963-12-06:

“She said after the first shot, she believes she heard two more in rapid
succession, and then a fourth shot.”79

Seymour Weitzman said:

“First one, then the second two seemed to be simultaneously.”80

As well as civilian witnesses, the Secret Service agents in the Pres-
idential limo and the follow up car mentioned two shots on top of
each other in the second burst:

Roy Kellerman:
761963-12-04 FBI report WCR V.24 p.522 https://www.history-

matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0270b.htm
77“CBS News Inquiry - The Warren Report” Part 1 time 18:10 https:

//www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-
report-part-1

781963-12-04 FBI report WCR V.24 p.523 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0271a.htm

79WCR CE 2089 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh24/html/WH_Vol24_0271b.htm

80WCR V.7 p.106 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_Weitzman.pdf
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“We were still traveling at the normal rate of speed of from 12 to 15
miles per hour when I heard a noise, similar to a firecracker, explod-
ing in the area to the rear of the car, about 12:30 p.m. Immediately
I heard what I firmly believe was the President’s voice, ’My God, I’m
hit’ I turned around to find out what happened when two additional
shots rang out, and the President slumped into Mrs. Kennedy’s lap
and Governor Connally fell into Mrs. Connally’s lap. I heard Mrs.
Kennedy shout, ’What are they doing to you?’”81

George Hickey:

“After a very short distance I heard a loud report which sounded
like a firecracker. It appeared to come from the right and rear and
seemed to me to be at ground level. I stood up and looked to my
right and rear in an attempt to identify it. Nothing caught my at-
tention except people shouting and cheering. A disturbance in 679X
caused me to look forward toward the President’s car. Perhaps 2 or
3 seconds elapsed from the time I looked to the rear and then looked
at the President. He was slumped forward and to his left, and was
straightening up to an almost erect sitting position as I turned and
looked. At the moment he was almost sitting erect I heard two re-
ports which I thought were shots and that appeared to me completely
different in sound than the first report and were in such rapid suc-
cession that there seemed to be practically no time element between
them. It looked to me as if the President was struck in the right up-
per rear of his head. The first shot of the second two seemed as if it
missed because the hair on the right side of his head flew forward
and there didn’t seem to be any impact against his head. The last
shot seemed to hit his head and cause a noise at the point of impact
which made him fall forward and to his left again.”82

William McIntyre:

“The Presidential vehicle was approximately 200 feet from the un-
derpass when the first shot was fired, followed in quick succession

811963-11-29 statement - WCR V.18 p.724-725 https://history-
matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf

821963-11-30 statement - WCR V.18 p.762 https://history-matters.com/
archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf

https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
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by two more. I would estimate that all three shots were fired within
5 seconds. After the second shot, I looked at the President and wit-
nessed his being struck in the head by the third and last shot.”83

William Greer was driving the Presidential limo and he had some
specific memories regarding the shots:

“So I heard this noise. And I thought that is what it was. And then I
heard it again. And I glanced over my shoulder. And I saw Governor
Connally like he was starting to fall.”

“I knew that after I heard the second one, that is when I looked over
my shoulder, and I was conscious that there was something wrong,
because that is when I saw Governor Connally. And when I turned
around again, to the best of my recollection there was another one,
right immediately after.”

“The last two seemed to be just simultaneously, one behind the other,
but I don’t recollect just how much, how many seconds were between
the two, I couldn’t really say.”84

This testimony closely matches the Zapruder film: Greer is look-
ing to the rear at Z280; he turns to the front again a few frames
later; then he turns to look backwards again at Z304; after we see
the effects of the shot at Z313 Greer quickly turns to the front and
accelerates the car away. The comment about simultaneous shots
probably relates to the Z313 shot, but it’s hard to determine exactly
whether the third shot was Z313 or soon after.

Z290-Z300 is the time that Luis Alvarez tells us that the Presiden-
tial limo slowed down and the Zapruder film exhibited signs of blur-
ring due to some kind of disturbance in Dealey Plaza85. Alvarez
speculates that this disturbance was a siren, but I suspect that the

831963-11-29 statement - WCR V.18 p.746 https://history-matters.com/
archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf

84WCR V.2 p.117-118 https://www.history-matters.com/archive/jfk/
wc/wcvols/wh2/pdf/WH2_Greer.pdf

85“A physicist examines the Kennedy assassination film” p.35-37 https://
escholarship.org/uc/item/6615c5nn

https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
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https://www.history-matters.com/archive/jfk/wc/wcvols/wh2/pdf/WH2_Greer.pdf
https://escholarship.org/uc/item/6615c5nn
https://escholarship.org/uc/item/6615c5nn
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true explanation could be simpler because witnesses only spoke of
a siren after the head shot (see section 6.1.1):

• The blur could have been due to a panning error by Zapruder
which was induced by the rapid deceleration of the Presiden-
tial limo (from over 12 MPH to less than 8 MPH).

• The blur could have been due to a shot which disturbed Za-
pruder, as many witnesses reported just that sequence of
events (including Zapruder himself who said: “Then I heard
another shot or two, I couldn’t say if it was one or two”86).

5.5 Shot Burst 3 (Z360-Z420)

5.5.1 Zero Shots

Most reliable witnesses did not hear a shot in this burst87.

5.5.2 One Shot

A sizeable minority of witnesses heard a shot fired in this burst. For
example Milton Wright was driving the Mayor’s car, and he said:

“I stopped and was looking at the building when the third shot was
fired.”88

As Mc63 shows (see appendix E.10), the Mayor’s car was stopping
on Elm Street around Z400-Z430. At Z447 we see a clear frame
in the Wiegman film which shows the National Press Pool car also
stopped (or stopping) with its brake lights on, so the Mayor’s car
would have stopped a short time before.

861963-11-22 WFAA-TV interview https://youtu.be/JLqOGEBcjnI?t=74
87Witness survey, appendix F.7
88Vincent Palamara “JFK: The Medical Evidence Reference” https://

www.patspeer.com/chapter6piecesontheroad

https://youtu.be/JLqOGEBcjnI?t=74
https://www.patspeer.com/chapter6piecesontheroad
https://www.patspeer.com/chapter6piecesontheroad
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Robert Jackson was two cars behind Wiegman and spotted the gun
in the TSBD window, which was withdrawn as the car was turning
the corner:

“I said ’There is a gun’ or it came from that window. I tried to point
it out. But by the time the other people looked up, of course, it was
gone, and about that time we were beginning to turn the corner.”89

This statement is especially useful because we can peg the final shot
to a time no later than Camera Car #3 beginning its turn onto Elm
Street, which is about Z400-Z440 in Mc63. Jackson confirms this
timing as he saw the Presidential limo leave Dealey Plaza:

“As we turned the corner—or we stopped where the intersection, ac-
tually we stopped before we began to turn left onto Elm Street, or
rather I would say we hesitated and we were all looking down to-
wards the President’s car and I could see two cars going under the
underpass. I barely saw the President’s car. I would say just the rear
end of it as it disappeared under the underpass.”90

The time the limo left under the underpass was Z460-Z486, which
was indeed the same time that Jackson’s car stopped according to
Mc63.

We also have a group of witnesses who were close to the limo at the
fatal shot (either side of Elm Street or on the overpass) who reported
at least one more shot in the seconds after the fatal shot:

• Mary Moorman was standing near the limo at the time of the
Z313 shot and took a photo within a few Zapruder film frames:
“There was three or four real close together. It must have been
the first one that shot him because that’s the time I took the
picture. And during that time after I took the picture the shots
were still being fired.”91

89WCR V.2 p.159 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh2/html/WC_Vol2_0084a.htm

90WCR V.2 p.160 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh2/html/WC_Vol2_0084b.htm

91WFAA/ABC 1963-11-22 https://www.youtube.com/watch?v=
YEavxZReo84
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• Charles Brehm was on the south side of Elm Street, and two
days after the assassination he said during an FBI interview:
“BREHM said when the President was hit by the second shot,
he could notice the President’s hair fly up, and then roll over
to his side, as Mrs KENNEDY was apparently pulling him in
that direction. BREHM said that a third shot followed and
that all three shots were relatively close together.”92

Some years later in 1986 he added:
“The first noise that I heard hit the President, and struck him
and he raised his hand up to his neck. The car proceeded
and it seemed very very slow, proceeded down just beyond me
in this area when the second shot went off which absolutely
destroyed the President’s head. The car then took off in a
zig-zag motion down into this area when the third shot, which
seemed to me to be a wasted shot went off”93

• Emmett Hudson was on the north side of Elm Street on the
steps to the pergola, and was interviewed by the Warren Com-
mission:
Mr Liebeler: “You say that it was the second shot that hit him
in the head; is that right?”
Mr Hudson: “Yes; I do believe that – I know it was.”
Mr Liebeler: “And after you saw him hit in the head, did you
hear another shot?”
Mr Hudson: “Yes, sir.”94

Hudson was able to identify the location of limo at the time of
the final shot:
“Yes; so right along about even with these steps, pretty close
to even with this here, the last shot was fired-somewhere right
along in there.”
Mc63 identifies this point in the timeline as Z370-Z390.

92WCR CE 1425 FBI interview 1963-11-24 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0434a.htm

93“On Trial - Lee Harvey Oswald” by London Weekend Television 1986 https:
//www.youtube.com/watch?v=K2dH9aXQbtQ

94WCR V.7 p.560 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/html/WC_Vol7_0284b.htm

https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0434a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0434a.htm
https://www.youtube.com/watch?v=K2dH9aXQbtQ
https://www.youtube.com/watch?v=K2dH9aXQbtQ
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/html/WC_Vol7_0284b.htm
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• June Dishong was standing on the north side of Elm Street
and recorded the events during the shooting in her journal95:

– Shot 1 - JFK “bent forward into his wife’s lap”.
– Shot 2 - “Panic among the people. Woman with children.

Parents pushing them to the ground.” is probably a refer-
ence to the Newman family protecting their family after
Z313, as seen in the Nix film.

– Shot 3 - “A third shot. People scatter.”

5.5.3 Two Shots

The Dallas Police lead car had several witnesses who commented
on the shots that were fired. Jesse Curry was driving the car:

• “We were just approaching an underpass, and there were some
people around on each side of the underpass, up in the railroad
yards, and I thought at first that perhaps this was a railroad
torpedo, it was a sharp crack.”96

• Later he mentioned the last two shots: “they were in pretty
rapid succession”97

• Curry described the location of the Presidential limo at the
first shot: “To the best of my knowledge, I would say it was
approximately halfway between Houston Street and the under-
pass, which would be, I would say probably 125-150 feet west
of Houston Street.”98

95https://emuseum.jfk.org/objects/25183/june-dishong-journal
96WCR V.4 p.150 https://history-matters.com/archive/jfk/wc/

wcvols/wh4/pdf/WH4_Curry.pdf
97WCR V.4 p.161 https://history-matters.com/archive/jfk/wc/

wcvols/wh4/pdf/WH4_Curry.pdf
98WCR V.4 p.172 https://history-matters.com/archive/jfk/wc/

wcvols/wh4/pdf/WH4_Curry.pdf
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• Curry described the time span of the shots: “This is just an
opinion on my part but I would think perhaps 5 or 6 seconds.”99

Forrest Sorrels sat on the right rear seat:

• “When we were at a point approximately three fourths of the
distance between the Houston and Elm Street intersections and
the first underpass, I heard what sounded like a rifle shot, and
said ’What’s that?’, as I turned to my right to look back in the
direction of the terrace and the Texas Schoolbook Depository
Building. When I heard two more shots I said, ’let’s get out of
here’.”100

• Sorrels gave more information about the shot timings in 1964:
“Within about 3 seconds, there were two more similar reports.”
“There was to me about twice as much time between the first
and second shots as there was between the second and third
shots.”
“I have called it out to myself, I have timed it, and I would say
it was very, very close to 6 seconds.”101

Bill Decker was in the left rear seat:

• “As the motorcade was proceeding down Elm Street, I distinctly
remember hearing 2 shots. As I heard the first retort, I looked
back over my shoulder and saw what appeared to me to be
a spray of water come out of the rear seat of the President’s
car.”102

99WCR V.4 p.172 https://history-matters.com/archive/jfk/wc/
wcvols/wh4/pdf/WH4_Curry.pdf

1001963-11-28 statement - WCR V.21 p.548 https://history-matters.com/
archive/jfk/wc/wcvols/wh21/pdf/WH21_Sorrels_Ex_5.pdf

101WCR V.7 p.345 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_Sorrels.pdf

102WCR V.19 p.458, Decker Exhibit 5323 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0238b.htm
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https://history-matters.com/archive/jfk/wc/wcvols/wh21/pdf/WH21_Sorrels_Ex_5.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Sorrels.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Sorrels.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0238b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0238b.htm
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Judging from the location of the Presidential limo laid out by Curry,
I would say they missed the first burst of gunfire. Also, Decker said
after the first shot he saw the explosion in the Presidential limo so
he certainly didn’t hear the first shot 5-7 seconds before at Z185-
Z220. Based on this, the occupants of the DPD lead car heard two
bunched shots several seconds after the head shot (or just one shot
in the case of Decker).

Jean Hill reported several shots being fired that day:

“Mary took the picture and fell on the ground and of course there
were more shots.”103

Moorman took her photo at Z315 and then must have dived to the
ground. The final frame of the Muchmore film was taken a second
or so later at around Z336, and Moorman is still standing (see figure
60). Ergo it must have taken a few more seconds for her to sit down
and then the final shots Hill describes would have been fired. She
added:

“my girl friend fell on the ground after about—during the shoot-
ing—right, I would say, just immediately after she had taken the
picture—probably about the third shot. She fell on the ground and
grabbed my slacks and said, ’Get down. they’re shooting.’ And, I
knew they were but I was too stunned to move, so I didn’t get down.
I just stood there and gawked around.”104

Hill also gave some more useful statements regarding the shot se-
quence of the first three shots:

“The three were fired as though one person were firing; I mean, to me.
They were fired just like you could reload and fire again or whatever
you do with a gun.”

The remaining shots were different though:
103WCR V.6 p.207 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Hill.pdf
104WCR V.6 p.207 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Hill.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
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“I thought they were different—I thought the sequence was different.”

“Quicker—more automatic.”105

Overall in terms of total shots fired she said:

“I’m saying 4 to 6. I know there were at least 4, and I just almost
swear that I heard 5 or 6.”106

Lee Bowers said:

“I heard three shots. One, then a slight pause, then two very close
together.”107

There is a useful timing and synchronization point that Bowers
mentions later in his testimony:

“At the moment I heard the sound, I was looking directly towards
the area at the moment of the first shot, as close as my recollection
serves, the car was out of sight behind this decorative masonry wall
in the area.”108

Judging from a map of Dealey Plaza, Bowers could see the limo up
until Z250 when it disappeared behind the pergola. This means
that he is describing the shot at Z310, followed by two more around
Z370-Z400. Ergo he missed the earliest shot(s) just like Mary Moor-
man and the occupants of the DPD lead car.

Henry Burroughs was in Camera Car #2. He said:

“My recollection was hearing four shots. It went something like this,
’Pow’ — and we were sort of frozen — didn’t know — brought every-
body to attention. There was quite a pause and then there was ’Pow,

105WCR V.6 p.207 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh6/pdf/WH6_Hill.pdf

106WCR V.6 p.207 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh6/pdf/WH6_Hill.pdf

107WCR V.6 p.287 https://history-matters.com/archive/jfk/wc/
wcvols/wh6/pdf/WH6_Bowers.pdf

108WCR V.6 p.288 https://history-matters.com/archive/jfk/wc/
wcvols/wh6/pdf/WH6_Bowers.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Bowers.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Bowers.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Bowers.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Bowers.pdf
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Pow, Pow,’ that’s the way I remembered it. The last three were in
quick succession. Similar noises, echoing around the buildings.”109

This is an interesting recollection as he recalls the prolonged gap
between the first and second shots, but all of the other shots are
bunched together. It’s hard to say whether shots are bunched
around Z313 or Z400, or when the shooting started (i.e. Z220 or
before), so these are the permutations that fit this description of
the final three shots being equally spaced:

• Z185 — Z310 — Z350 — Z390.

• Z185 — Z270 — Z310 — Z350.

• Z220 — Z310 — Z340 — Z370.

This is useful corroboration for how Jean Hill described the ending
of the shooting as mentioned earlier on page 37 (section 5.5.3).

5.6 Shot Duration

A novel way of measuring the time between the start and finish of
the shooting is to use the positions of the cars on Houston Street.
Malcolm Couch was in Camera Car #3 and he said this when de-
scribing his position at the first shot:

“I would say—uh—15 or 20 feet from the turn-from off of Main onto
Houston.”110

At the final shot, he described his position as:

“I’d say we were about 50 feet from making—or maybe 60 feet—from
making the left-hand turn onto Elm.”111

109“Pictures of the Pain” by Richard Trask p.398
110WCR V.6 p.156 https://history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Couch.pdf
111WCR V.6 p.156 https://history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Couch.pdf

https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Couch.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Couch.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Couch.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Couch.pdf
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These accounts are supported by his earliest statement to the FBI
within a week of the assassination:

“He said they left Love Field and were traveling the presidential
route on Houston Street when he heard two loud noises about ten
seconds apart which sounded like a motorcycle backfire. He said
as they turned the corner onto Elm from Houston, he heard another
noise”112

This ten second time span and the observations of car positions is
consistent with what Mc63 depicts between Z220 and Z400, or Z185
and Z370. This account is corroborated by Thomas Dillard who was
also in the same car and described the timing of the shots:

“I heard three—the three approximately equally spaced.”113

The position of the car at the first shot he said was:

“Perhaps, oh, just a few feet around the corner and it seems we had
slowed a great deal. It seems that our car had slowed down so that
we were moving rather slowly and perhaps just passed the turn when
I heard the first explosion.”114

The third shot he heard was related to his car’s position in front of
the TSBD:

“He states upon hearing the third shot the car in which he was riding
was stopped almost in front of the Texas School Book Depository
Building.”115

1121963-11-27 statement - WCR CD5 https://www.history-matters.com/
analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_
0045a.gif

113WCR V.6 p.164 https://history-matters.com/archive/jfk/wc/
wcvols/wh6/pdf/WH6_Dillard.pdf

114WCR V.6 p.164 https://history-matters.com/archive/jfk/wc/
wcvols/wh6/pdf/WH6_Dillard.pdf

1151963-11-25 FBI statement - WCR CD5 https://www.history-
matters.com/analysis/witness/witnessMap/documents/wcd_hsca/
wcd_hsca_0049a.gif

https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0045a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0045a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0045a.gif
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Dillard.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Dillard.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Dillard.pdf
https://history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Dillard.pdf
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0049a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0049a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0049a.gif
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6 Red Herrings

Because Dealey Plaza is a large crime scene with hundreds of wit-
nesses, certain myths and red herrings have developed over the
years. After completing version 1.0 of Mc63 I rejected several of
these ideas due to problems relating to lack of credible evidence
and plausibility.

6.1 HSCA Acoustical Analysis

The HSCA report116 referenced two studies from acoustics scien-
tists117 118 regarding the audio recorded on a Dallas Police dictabelt
before, during, and after the time of the assassination. It was
claimed that this audio recording was made in Dealey Plaza by a
microphone on a bike ridden by H.B. McLain, and that the recording
had impulses from the gunshot sounds on it. Very specific claims
were made about the position of the microphone at specific points
in space and time, but these are wrong as per the Mc63 work, which
uses various films to determine McLain’s position:

• The position of McLain relative to the nearby cars in the mo-
torcade is that he remains near: Camera Cars #2 or #3; Con-
gressman Car #1. This is shown by this Dillard photo which
shows his bike ID 352, just behind Camera Car #2:

116http://www.aarclibrary.org/publib/jfk/hsca/report/pdf/HSCA_
Report_1B_Acoustics.pdf

117https://www.history-matters.com/archive/jfk/hsca/reportvols/
vol8/pdf/HSCA_Vol8_AS_2_BBN.pdf

118https://www.history-matters.com/archive/jfk/hsca/reportvols/
vol8/pdf/HSCA_Vol8_AS_1_Weiss.pdf

http://www.aarclibrary.org/publib/jfk/hsca/report/pdf/HSCA_Report_1B_Acoustics.pdf
http://www.aarclibrary.org/publib/jfk/hsca/report/pdf/HSCA_Report_1B_Acoustics.pdf
https://www.history-matters.com/archive/jfk/hsca/reportvols/vol8/pdf/HSCA_Vol8_AS_2_BBN.pdf
https://www.history-matters.com/archive/jfk/hsca/reportvols/vol8/pdf/HSCA_Vol8_AS_2_BBN.pdf
https://www.history-matters.com/archive/jfk/hsca/reportvols/vol8/pdf/HSCA_Vol8_AS_1_Weiss.pdf
https://www.history-matters.com/archive/jfk/hsca/reportvols/vol8/pdf/HSCA_Vol8_AS_1_Weiss.pdf


6 Red Herrings 42

Figure 3: Photo “Dillard Early Motorcade”

• The last time we see McLain before entering Dealey Plaza is
in the DCA film as the Presidential limo is about to turn onto
Houston Street in the far distance, with him beside the Con-
gressman #1 car:

Figure 4: Film Frame “DCA Main Street”

• McLain was well over 100 feet away from the corner of the
Elm street turn at Z175 (where it needs to be for the acoustics
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scientists to be correct), as proven by the Hughes film which
shows him turning onto Elm Street at Z150. Note how McLain
is still near the Congressman #1 car, which is just out of frame
to the right (behind Camera Car #3):

Figure 5: Film Frame “Hughes Z150”

• At the time of the Z313 shot McLain is required to be on Elm
Street but he has yet to turn onto Elm Street as shown by the
Dorman film at Z410 (notice the Congressman Car #1 in the
top left of the film frame):

Figure 6: Film Frame “Dorman Z410”
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My observations of the animated reconstruction must therefore join
the many other criticisms119 of the HSCA acoustics work. In partic-
ular my measurements closely resemble the results found by Dale
K. Myers120.

The only vehicle in some of the four positions indicated by the HSCA
where shots were recorded, and travelling near 11 MPH, was the
Mayor’s car. However, for this to have recorded the shots it would
have needed a stuck open microphone in a similar fashion to the mo-
torbike which was also stuck open at the same time. While theoret-
ically possible this seems rather implausible, and there is evidence
from James C. Bowles that the only cars with police radios were the
lead police car and the rear police car121. Therefore until new evi-
dence emerges, I conclude that the HSCA acoustical findings are a
red herring.

For a graphical depiction of where the microphone needs to be, con-
sult figures: 26, 30, 32, 34.

6.1.1 Siren

Several minutes after the alleged shots on the dictabelt there are
around 40 seconds of sirens blaring (see appendix D.3 on channel
1 around 12:33 to 12:34). However there are no sirens audible any-
where else on the recording around the time of the alleged shots.
This is further proof that the recording was not made in Dealey
Plaza as Sam Kinney in the Secret Service follow up car started his
siren in the seconds following the head shot at Z313. In Kinney’s
statement on the day of the assassination he said:

“At this time the second shot was fired and I observed hair flying
from the right side of his head. With this, simultaneously with the

119https://en.wikipedia.org/wiki/John_F._Kennedy_assassination_
Dictabelt_recording#Criticism

1202007-2010 http://www.jfkfiles.com/jfk/html/acoustics.htm
121Telephone contact, Dale K. Myers to James C. Bowles, 2005-12-14

https://en.wikipedia.org/wiki/John_F._Kennedy_assassination_Dictabelt_recording#Criticism
https://en.wikipedia.org/wiki/John_F._Kennedy_assassination_Dictabelt_recording#Criticism
http://www.jfkfiles.com/jfk/html/acoustics.htm
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President’s car, we stepped on the gas. I released the siren at that
time.”122

Corroboration for the siren blaring in the heart of Dealey Plaza
comes from:

• Marilyn Sitzman - “the loudest thing I heard that afternoon
was the siren”123.

• Rufus Youngblood was in the Vice President’s car just behind
the President’s Secret Service follow up car: “I then heard two
more shots. But I would like to say this. I would not be positive
that I was back on that back seat before the second shot. But
the Vice President himself said I was. But—then in hearing
these two more shots, I again had seen more movement, and I
think someone else hit a siren—I heard the noise of a siren.”124

• Toni Foster was moving briskly across the lawn towards the
presidential limo during the assassination and was clearly vis-
ible in the Zapruder film frames Z297-Z317:
“There were sirens. I can’t recall the car behind them, which
I’m sure was the one all the agents were in. And that fast you
see gentlemen out there – all of a sudden they all had guns,
rifles, light machine guns, if that is what it was.”125

• R.E. Buster Haas: “The motorcade continued and made its
turn down the Triple Underpass and I had just commented to
my wife and son about Lyndon Johnson’s riding in the same
car with Ralph Yarborough (after stories about their feuding)
when we heard what sounded like a car backfiring about a
block away. I thought to myself, "What idiot would set off a

1221963-11-22 WCR CE 1024 V.18 p.732 https://www.history-matters.com/
archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf

1231966 interview with Josiah Thompson http://the-puzzle-palace.com/
files/sitzman.htm

124WCR V.2 p.149 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh2/pdf/WH2_Youngblood.pdf

125Interview in 1998 with Debra Conway http://www.jfklancer.com/pdf/
toni.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh18/pdf/WH18_CE_1024.pdf
http://the-puzzle-palace.com/files/sitzman.htm
http://the-puzzle-palace.com/files/sitzman.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh2/pdf/WH2_Youngblood.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh2/pdf/WH2_Youngblood.pdf
http://www.jfklancer.com/pdf/toni.pdf
http://www.jfklancer.com/pdf/toni.pdf
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firecracker or deliberately make a noise like a gun going off
at a time like this?" when we heard another and then an-
other. Someone screamed, ”Oh, my God, no’they couldn’t have”
and everyone started moving. About the same time, the sirens
started going off and the motorcycles began moving.”126

• Robert Baskin was travelling in the National Press Pool car
and noted: “The motorcade ground to a halt. There was a good
bit of activity around the President’s car, with Secret Service
men running about. Before we could get out of our car, however,
police sirens began wailing loudly.”127

If Kinney started his siren a few seconds after the head shot, Z388
seems a reasonable estimate for the time that the siren was in full
force (about 4 seconds after Z313). Mc63 suggests that the car was
just approaching the area of the road in front of the knoll steps:

Figure 7: Animation Frame “Z388 300 ft Siren Range”

Copyright (C) 2019-2022 www.MarkTyler.org All Rights Reserved
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12:30:04.09 Z388.0

Actor - MPH - Feet
0 13.6 Dallas Police Lead 1181.5
1 20.8 Presidential Limo 1064.2
2 7.0 B.J. Martin 999.8
6 10.0 Secret Service #1 1015.4
7 9.7 Vice President 957.1
8 8.2 Secret Service #2 924.3
11 8.4 Mayor Cabell 857.0
12 9.5 National Press Pool 823.0
13 7.2 Camera Car #1 765.8
14 9.2 Camera Car #2 1107.6
15 10.1 Camera Car #3 936.9
16 7.2 H.B. McLain 716.9
17 11.6 M.L. Baker 694.3
18 9.2 Congressman #1 884.4
19 9.6 Congressman #2 845.0
20 9.7 Congressman #3 940.8
21 10.5 VIP 897.2
22 11.9 J.W. Courson 908.8
23 5.4 C.A. Haygood 866.1
24 7.2 Bus #1 841.0
25 7.0 Local Press 788.6
43 0.3 J. Altgens 250.0
44 5.2 B. & C. Hester 7.7
45 4.8 Newman Family 9.1
60 4.1 J.T. Martin 104.5
73 2.1 Duck Man 8.0
78 5.2 Knoll Runner 12.7
83 4.1 G. Calvery 5.7
85 1.8 C. Walther 68.3
86 5.9 J. Powell 77.0

I have included a red circle with a radius of about 300 ft, which is
the distance that the HSCA said that a siren would be audible to the

126http://the-puzzle-palace.com/files/220068_busterhaas.html
127Dallas Morning News 1963-11-23.

http://the-puzzle-palace.com/files/220068_busterhaas.html


6 Red Herrings 47

stuck open microphone128. This proves that the microphone was not
on Houston Street, Elm Street, or Main Street in the northern part
of Dealey Plaza. This includes all of the vehicles in the motorcade
from the lead car back to the first press bus.

6.1.2 HSCA Animation Scenario

Another way to prove that the HSCA acoustics findings are wrong is
to demonstrate what happens when McLain’s bike is forced to be in
the positions that the scientists thought that the microphone was
located. This Hughes film frame was recorded about 3.2 seconds
before the Zapruder film was restarted at Z133 (the Presidential
limo is on Elm Street, obscured by the crowd):

Figure 8: Film Frame “Hughes 3.2s before Z133”

The HSCA scientists claimed that one of the shots recorded on the
dictabelt was fired from the grassy knoll, and if this is aligned with
Z313 then McLain’s microphone recorded the first shot at about

128HSCA report p.77 https://www.history-matters.com/archive/jfk/
hsca/report/pdf/HSCA_Report_1B_Acoustics.pdf

https://www.history-matters.com/archive/jfk/hsca/report/pdf/HSCA_Report_1B_Acoustics.pdf
https://www.history-matters.com/archive/jfk/hsca/report/pdf/HSCA_Report_1B_Acoustics.pdf
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Z175 (which is 2.3 seconds after Z133, thus the time gap between
the Hughes frame above and the first shot is about 5.5 seconds). The
distance between the Main Street position and the Houston Street
position that this theory requires is about 200 feet, so the bike must
have travelled at an average speed of 36.4 ft/sec or 24.8 MPH. In the
animation there is also time required for acceleration and deceler-
ation which pushes the peak speed up to about 30 MPH. This sce-
nario also requires the bike we see in the Hughes and Dorman films
to be accounted for, so I have assumed this must be J.W. Courson
who was a short distance behind McLain in the motorcade129.

Overall McLain and Courson have to be pushed forward by about
100-200 feet beyond where their normal motorcade positions should
be relative to the other vehicles. Coupled with the preposterous
speed of 30 MPH, and the inexplicable acceleration of McLain after
turning onto Houston Street, this scenario defies common sense so
something must be wrong with the acoustics analysis.

6.2 The Grassy Knoll

For decades conspiracy theories have hinted at a sniper firing from
somewhere in the grassy knoll area to the north of Elm Street. De-
spite this I have found very little concrete evidence of someone firing
a gun from this location. Marilyn Sitzman and Abraham Zapruder
were standing in the heart of the knoll area, less than twenty yards
from the picket fence to their right, and they were both very certain
there were no sounds from shots fired from that area:

Zapruder - “I’m not a ballistics expert, but I believe that if there were
shots that come from my right ear, I would hear a different sound.
I heard shots coming from, I wouldn’t know which direction to say,

129This scenario was suggest by Donald B. Thomas in “The Bike With the Mike”
https://www.maryferrell.org/pages/Essay_-_The_Bike_With_the_
Mike.html

https://www.maryferrell.org/pages/Essay_-_The_Bike_With_the_Mike.html
https://www.maryferrell.org/pages/Essay_-_The_Bike_With_the_Mike.html
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but they was proven from the Texas Book Depository and they all
sounded alike. There was no difference in sound at all.”130

Sitzman - “I would say there’s a very good possibility there was some-
body back there, but they had a silencer. I don’t know who was shoot-
ing where, but there was nobody standing behind us that close with
a rifle without a silencer on it. That would have had us jumpin...”131

These two statements suggest that the loud noises of shots that
people heard did not emanate from the knoll, and must have origi-
nated from elsewhere. In other words the shots that the witnesses
reported hearing probably came from the left of Zapruder and Sitz-
man (e.g. the buildings behind the Presidential limo).

It is often claimed that immediately after the shooting people ran
up the grassy knoll to chase after an assassin. I found this to be
incorrect. About 30-40 seconds after the shooting, the Bond 4 (see
appendix E.13) and Towner 2 photos were taken which show nobody
running up the knoll. The stampeding we see in the later films and
photos seems to begin when C.A. Haygood ran up the knoll. As
per the Willis 6 photo when Haygood began his dash (about 75-85
seconds after the fatal shot), the knoll is still empty. People possibly
assumed Haygood was chasing an assassin, and so followed him out
of curiosity.

Robert MacNeil ran up the knoll, and this was his view:

“I noticed there were policemen and plainclothesmen with guns up,
running up the hill, so I ran with them.”132 133

The grassy knoll seems a very strange place for a professional as-
sassin to take up position:

130“CBS News Inquiry - The Warren Report” Part 2, time 11:50 https:
//www.c-span.org/video/?454266-1/a-cbs-news-inquiry-warren-
report-part-2

1311993-06-29 interview with the Sixth Floor Museum https://
emuseum.jfk.org/objects/4679/marilyn-sitzman-oral-history

132Interviewed by Don Carleton 2000-11-18 & 2001-05-15 https://youtu.be/
C-ll5mlX6QE?t=590

133https://interviews.televisionacademy.com/interviews/robert-
macneil

https://www.c-span.org/video/?454266-1/a-cbs-news-inquiry-warren-report-part-2
https://www.c-span.org/video/?454266-1/a-cbs-news-inquiry-warren-report-part-2
https://www.c-span.org/video/?454266-1/a-cbs-news-inquiry-warren-report-part-2
https://emuseum.jfk.org/objects/4679/marilyn-sitzman-oral-history
https://emuseum.jfk.org/objects/4679/marilyn-sitzman-oral-history
https://youtu.be/C-ll5mlX6QE?t=590
https://youtu.be/C-ll5mlX6QE?t=590
https://interviews.televisionacademy.com/interviews/robert-macneil
https://interviews.televisionacademy.com/interviews/robert-macneil
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• The angle of view to the target is blocked most of the way down
Elm Street.

• The target moves from left to right which makes an accurate
shot almost impossible.

• A position behind the picket fence is completely exposed to
the rear by a busy car park which means anyone passing by
could see what the gunman was doing. With policemen all
over Dealey Plaza, including on the triple underpass bridge,
this seems rather implausible to me. A much better sniper lo-
cation would be one of the tall buildings from the rear134 such
as the TSBD, the Dal-Tex, or maybe even the Dallas County
Records building.

6.3 An Early Missed Shot

A common red herring is where writers discuss a missed shot before
Z180, and then within a few seconds a second shot around Z210-
Z220. In my research I failed to find any meaningful support for
this theory among the witnesses135. Conversely, time and again
people contradicted this theory by saying that the first shot caused
JFK to slump and the second shot was the fatal head shot. Typical
examples of this are:

• Abraham Zapruder told the Warren Commission:
“I heard the first shot and I saw the President lean over and
grab himself like this (holding his left chest area).”
“I heard a second shot and then I saw his head opened up and
the blood and everything came out and I started—I can hardly
talk about it [the witness crying].”136

134I have no expertise on such matters, but Joseph Milteer gave this insight
into the criminal mind on 1963-11-09 https://www.jfk-assassination.net/
milteer.htm

135See appendix F.
136WCR V.7 p.571 https://aarclibrary.org/publib/jfk/wc/wcvols/

wh7/html/WC_Vol7_0290a.htm

https://www.jfk-assassination.net/milteer.htm
https://www.jfk-assassination.net/milteer.htm
https://aarclibrary.org/publib/jfk/wc/wcvols/wh7/html/WC_Vol7_0290a.htm
https://aarclibrary.org/publib/jfk/wc/wcvols/wh7/html/WC_Vol7_0290a.htm
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• Clint Hill told the Warren Commission:
“I heard a noise from my right rear, which to me seemed to
be a firecracker. I immediately looked to my right and, in so
doing, my eyes had to cross the Presidential limousine and I
saw President Kennedy grab at himself and lurch forward and
to the left.”
“the second noise that I heard had removed a portion of the
President’s head”137

In 1975 Luis Alvarez published a report called “A physicist exam-
ines the Kennedy assassination film”138. He calculated that shots
were fired at Z177 and Z215, which was an update on the ideas
he first shared in the 1967 TV program “CBS News Inquiry - The
Warren Report”139. Superficially this sounds plausible, and his ar-
guments seem correct from a scientific perspective as they relate to
measurable jiggles in the Zapruder film. If we measure this gap we
are looking at 38 frames or 2.1 seconds (18.3 FPS for the Zapruder
film). After seeing well trained riflemen struggle to reproduce this
feat140, I consider this gap to be far too short for a single gunman
to reload a bolt action gun and aim accurately enough to hit a mov-
ing target. However, if there were two gunmen this is a plausible
scenario. In other words, if there was only one gunman firing that
day then one of these theoretical shots did not happen. Ergo I think
Alvarez has either proven a conspiracy with a second sniper firing
at Z215, or his film jiggle analysis has mistakenly identified a shot
at Z177 or Z215 that did not actually happen.

137WCR V.2 p.138 https://aarclibrary.org/publib/jfk/wc/wcvols/
wh2/pdf/WH2_Hill.pdf

138https://escholarship.org/uc/item/6615c5nn
139Analysis of the jiggles in the Zapruder film was presented by Charles

Wyckoff in CBS News Inquiry - The Warren Report Part 1, time 39:40
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-
warren-report-part-1.

140CBS News Inquiry - The Warren Report Part 1, time 34:00 https:
//www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-
report-part-1

https://aarclibrary.org/publib/jfk/wc/wcvols/wh2/pdf/WH2_Hill.pdf
https://aarclibrary.org/publib/jfk/wc/wcvols/wh2/pdf/WH2_Hill.pdf
https://escholarship.org/uc/item/6615c5nn
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
https://www.c-span.org/video/?453991-2/a-cbs-news-inquiry-warren-report-part-1
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Other writers (e.g. Dale K. Myers141, Vincent Bugliosi142, Gerald
Posner143) have come to a slightly different conclusion by having
the first shot at Z166 or before, and the second shot at Z223. Frame
Z162 seems to be a popular point in the Zapruder film that these
authors point to as a sign that John Connally turns his head to the
right in reaction to a shot. Crucially these writers have rejected a
simpler explanation for this head turn, which is that Connally was
simply responding to the crowd. Around Z170 in the Zapruder film
JFK starts raising his right arm to wave to the crowd, which seems
to match Connally’s actions within half a second but is clearer in
terms of intent (JFK is waving to the crowd, not reacting to a gun-
shot, which suggests that Connally may not have been responding
to a gunshot at Z162). This event was confirmed by Mary Woodward
and Ann Donaldson Atterberry who were in the crowd by the lamp-
post and were calling out for the President to turn to them (which
he started to do around Z160). They helpfully explain these events
during interviews with the Sixth Floor Museum:

Woodward - “They were kind of talking amongst themselves in the
car and I yelled out ’please look this way’ because I wanted to see
Jackie Kennedy. And they did look at us and waved and I think
we’re the last people they waved to.”144

Atterberry - “He kind of pushed his hair out of his face and smiled
and waved what I thought was personally at me right here. They
started on down the hill and then I heard a loud noise that I thought
might have been a car backfiring or firecrackers or something.”145

JFK pushed his hair at about Z136, and waved at Z175 onwards so
Atterberry is ruling out the sound of a shot before Z175. I find it
very difficult to believe that these and other witnesses would miss
such a loud rifle shot when they were so close to the TSBD.

141https://en.wikipedia.org/wiki/Dale_K._Myers
142https://en.wikipedia.org/wiki/Vincent_Bugliosi
143https://en.wikipedia.org/wiki/Gerald_Posner
1442015-11-07 https://youtu.be/Eim4Pu57FZc?t=616
1452003-11-10 https://youtu.be/Eim4Pu57FZc?t=918

https://en.wikipedia.org/wiki/Dale_K._Myers
https://en.wikipedia.org/wiki/Vincent_Bugliosi
https://en.wikipedia.org/wiki/Gerald_Posner
https://youtu.be/Eim4Pu57FZc?t=616
https://youtu.be/Eim4Pu57FZc?t=918
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Hurchel Jacks drove the Vice President car and he was specific
about the timing of the first shot:

“My car had just straightened up from making the left turn. I was
looking directly at the President’s car at that time. At that time I
heard a shot ring out which appeared to come from the right rear of
the Vice-President’s car.”146

Mc63 shows that he had just turned the corner circa Z200 (see ap-
pendix E.5) so the audible first shot must have been around that
point, and not 2+ seconds before at say Z150-Z160.

Also at Z200 we see that the Presidential limo has just passed the
lamppost on the north side of Elm Street. Standing beside this
lamppost was A.J. Millican who said:

“Just after the President’s car passed, I heard three shots come from
up toward Houston and Elm right by the Book Depository Build-
ing”147

As can be seen at Z150 (see appendix E.3) the limo has yet to reach
the lamppost so the first shot must have been fired a second or two
later. Standing near this position (just a few feet to the west), and
corroborating the limo position at the first shot were:

• Gloria Calvery and Karen Westbrook (see appendix E.5).

• Karan Hicks: “The car he was in was almost directly in front
of where I was standing when I heard the first explosion.”148

• Betty Jean Thornton: “As the car in which the President was
riding passed by, I heard what I thought were firecrackers be-
ing discharged”149

146Statement 1963-11-28 WCR V.18 p.801 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh18/html/WH_Vol18_0408a.htm

147Undated statement. WCR V.19 p.486 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0252b.htm

148FBI statement 1964-3-20 WCR V.22 p.650 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0340b.htm

149FBI statement 1964-3-23 WCR V.22 p.677 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0354a.htm

https://www.history-matters.com/archive/jfk/wc/wcvols/wh18/html/WH_Vol18_0408a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh18/html/WH_Vol18_0408a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0252b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0252b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0340b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0340b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0354a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0354a.htm
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• Jane Berry: “Just as the car was passing by her, she heard a
rifle shot.”150

Another problem with the two early shots theory is that most wit-
nesses said there was a pronounced gap between the first and sec-
ond shots. For example, between the first two shots Malcolm Kil-
duff151 was in the National Press Pool car in front of the TSBD and
in a perfect position to hear the shots:

“There was that much time for me to think and talk between the first
and the second shots, despite what you hear now that they came in
rapid succession they did not.”152

The gap between the first and second shots that Kilduff describes is
therefore not consistent with the 3.8 second gap in the Zapruder
film Z150-Z220. Arnold Rowland corroborates this lengthy gap
with an estimate of 6-8 seconds in his statements from 1963153 and
1964154.

Pierce Allman, who was standing on the south side of Elm Street
near the corner and directly in front of the TSBD. Within hours of
the assassination he said:

“Right after Mr. Kennedy passed in front of me I heard one big ex-
plosion and my immediate thought like most of the people standing
around me was "this is firecrackers, but it’s in pretty poor taste". I
looked and saw the president, I thought, duck. Evidently, he was
slumping at the time. The car immediately sped on. No one seemed
galvanized into immediate action. The shots didn’t seem rapid at
all. They were three well spaced, reverberating shots.”155

150FBI report 1963-11-24 CD5 https://www.history-matters.com/
analysis/witness/witnessMap/documents/Berry_0001a.gif

151https://en.wikipedia.org/wiki/Malcolm_Kilduff
152Interview with Bob Hensley of WTVQ-TV 1991-11-22 https://youtu.be/

eSpw9w5GGYk?t=192
153WCR V.19 p.494 Sheriff’s statement 1963-11-22 https://www.history-

matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0256b.htm
154WCR V.2 p.182 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh2/pdf/WH2_Rowland.pdf
155WFAA Radio interview 1963-11-22 https://youtu.be/JGGErAUc1x8?t=52

https://www.history-matters.com/analysis/witness/witnessMap/documents/Berry_0001a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/Berry_0001a.gif
https://en.wikipedia.org/wiki/Malcolm_Kilduff
https://youtu.be/eSpw9w5GGYk?t=192
https://youtu.be/eSpw9w5GGYk?t=192
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0256b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0256b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh2/pdf/WH2_Rowland.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh2/pdf/WH2_Rowland.pdf
https://youtu.be/JGGErAUc1x8?t=52
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This account is supported by Tina Towner who was standing nearby
on the corner in front of the TSBD:

“I heard three gunshots, which seemed equidistant apart and
sounded, to my young ears, like firecrackers.”156

6.4 Lee Bowers

Lee Bowers said this about the Presidential limo:

“It came in sight immediately following the last shot.”157

I originally thought this meant that the Presidential limo came into
his view from behind the western side of the pergola, which would
have been around Z370-Z430. However, I was informed by by a 3D
model of Dealey Plaza that Bowers could not see anything at Elm
Street road level due to the height of the knoll blocking his view.
The can be demonstrated by viewing the Bothun 5 photograph:

Figure 9: Photo “Bothun 5”

156“My story as the youngest photographer at the Kennedy assassination” (2013)
p.83 (Epilogue)

157WCR V.6 p.288 https://www.maryferrell.org/showDoc.html?docId=
35#relPageId=298

https://www.maryferrell.org/showDoc.html?docId=35#relPageId=298
https://www.maryferrell.org/showDoc.html?docId=35#relPageId=298
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The tower that Lee Bowers was viewing from is just visible through
the gaps of the pergola, but the height of B.W. Hargis shows any car
would be too low to be seen at this or any later point. This can be
emphasised by a photo taken from the tower by Josiah Thompson
in 1966158 which shows the gap to the west of the pergola:

Figure 10: Photo “Bowers Pergola View”

In the gap we can see a road and a footpath to the south, which is
Commerce Street. This proves that the limo was not visible at this
point as it was too low beneath the knoll. I don’t think Bowers could
have seen the limo after the shots were fired judging from the hill
on either side of the railway bridge over the triple underpass so I
think he must have been mistaken in his testimony.

158Page 63 “Last Second In Dallas”
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7 Final Thoughts

Luis Alvarez offers us all this sage advice at the beginning of his
1975 report:

“Textbooks tend to indicate that problem-solving in physics is a
straightforward matter; one proceeds step by step from the input
data to the final answer. But in real life, as I will show, a physicist
makes many mistakes, and backs up to correct them, one by one.”159

It’s very easy to make mistakes in this case due to the complexity
of the crime scene, so it’s important to be wary of making too many
assumptions and jumping to conclusions. For example, a week after
the assassination J. Edgar Hoover said:

“... he was hit by the first and the third, the second shot hit the Gov-
ernor.”160

This was a perfectly sensible conclusion early in the investigation,
but was later rejected by most people due to JFK and John Connally
reacting in unison to gunshot wounds during Z224-Z240 of the Za-
pruder film. Other theories have come and gone over the years as
people have realised that some of their earlier assumptions have
proven to be incorrect.

7.1 Certainty and uncertainty

With the Dealey Plaza witnesses being so split regarding the shots
(see appendix F), there are several plausible permutations of what
happened. It’s very difficult to make a final complete judgement
about everything, but based on the films, photos, and eyewitness
statements I am certain about the following:

159“A physicist examines the Kennedy assassination film” p.2 https://
escholarship.org/uc/item/6615c5nn

1601963-11-29 telephone call to Lyndon B. Johnson https://youtu.be/E-
1E7pivtss?t=509

https://escholarship.org/uc/item/6615c5nn
https://escholarship.org/uc/item/6615c5nn
https://youtu.be/E-1E7pivtss?t=509
https://youtu.be/E-1E7pivtss?t=509
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• Only three bursts of gunfire were fired in Dealey Plaza be-
cause no witness heard a fourth burst.

• Any witness who heard more than three shots grouped two or
more shots together within just one burst (such as two shots
fired within a second).

• The Zapruder film identifies when two of these bursts were
fired due to the reactions of the victims at Z225 and Z313,
which means the sound of gunfire reverberated around Dealey
Plaza at those points in time.

• The first gunshot fired was after Z180 and became audible to
the witnesses soon after. Most witnesses close to the Presi-
dential limo associate this burst of noise with JFK’s reaction
we see after Z225 of the Zapruder film.

• The third burst of gunfire was fired some seconds after Z313,
probably around Z360-Z400, because so many witnesses heard
a shot or shots fired well after Z313.

• A sniper was located in the sixth floor window of the TSBD
who fired three shots, as reported by a number of witnesses in-
cluding Amos Euins161, Howard Brennan162, and Harold Nor-
man163.

These certainties are consistent with either one sniper shooting, or
two snipers firing in a synchronized fashion (with a short gap such

161Dallas Police affidavit 1963-11-22 “I saw a man in a window with a gun and
I saw him shoot twice.” WCR V.24 p207 https://www.history-matters.com/
archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0113a.htm

162FBI interview 1963-11-22 “Upon hearing the report, or reports, he looked
across the street to the Texas School Book Depository building, where he
saw a man in a window on the sixth floor near the southeast corner of the
building.” CD5 https://www.history-matters.com/analysis/witness/
witnessMap/documents/wcd_hsca/wcd_hsca_0038a.gif

163FBI interview 1963-11-26 “He said he thought the shot had been fired from
the floor directly above him.” CD? https://www.history-matters.com/
analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_
0083a.gif

https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0113a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0113a.htm
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0038a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0038a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0083a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0083a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0083a.gif
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as a second between each pair of shots in a burst). This leaves us
with a dichotomy to resolve:

• Only three shots were fired, and many witnesses were con-
fused by echoes.

• More than three shots were fired, and many witnesses missed
the extra shots as they blended into the echoes of the first shot
in the burst.

One way to resolve this is to prove that one of the bursts definitely
contained two shots, such as during Z180-Z220:

• There is a sequence of blurs during Z190-Z210 of the Zapruder
film, which indicates a startle reaction from the noise of the
first shot. Many other witnesses support this exact point in
time for the first shot, such as Phil Willis who snapped a photo
at Z202 and was certain that the first shot was fired just before
(see section 5.3 for more examples).

• The victims both start reacting to their injuries in Zapruder
film frame Z225. I think it’s highly unlikely that such serious
wounds could occur without some physical reaction for two
seconds between Z185 and Z225 (although it’s impossible to
know exactly how long a reaction from a bullet wound should
take to manifest itself164).

• John Connally said he was not hit by the first shot, which ac-
cording to Virgie Baker and Royce Skelton hit the road (see
section 5.3.2 for more information).

It is also possible that two shots were fired in the Z313 burst, and
maybe also the final burst Z360-Z400, although I don’t think it’s
possible to be certain about these extra shots as there is less objec-
tive evidence:

164“There is no scientific method for determining the elapsed time between when a
shot hits and when a person visibly reacts.” HSCA p.46 https://www.history-
matters.com/archive/jfk/hsca/report/pdf/HSCA_Report_1A_LHO.pdf

https://www.history-matters.com/archive/jfk/hsca/report/pdf/HSCA_Report_1A_LHO.pdf
https://www.history-matters.com/archive/jfk/hsca/report/pdf/HSCA_Report_1A_LHO.pdf


7 Final Thoughts 60

• An extra shot fired just before or after the fatal head shot was
reported by a large number of witnesses (see section 5.4.2 for
various examples).

• An extra shot fired a second or two before Z400 was reported
by various witnesses (see section 5.5.3). Royce Skelton and
Bill Decker165 saw one of these shots hit the road.

The only lone gunman scenario that is consistent with most of the
film and witness evidence is where three shots were fired during
Z185-Z220, Z310, and Z360-Z400. This theory explains why the as-
sassin slightly missed the target and hit JFK in the back (the oak
tree in front of the TSBD caused a brief distraction as the gunman
squeezed the trigger). The problem with this scenario is that it cre-
ates a two second time lag between Z185 and when the victims start
reacting at Z225-Z230. With the Stemmons freeway sign being an
obstruction in the Zapruder film during Z200-Z224, it’s impossible
to rule out an earlier response from the victims, but their positions
and demeanour before going behind the sign are almost identical
to when they emerged after Z224, so they didn’t visibly react to be-
ing hit until after that point. Ergo nobody can definitively prove
this theory right or wrong, but for it to have been what happened
in 1963 a great deal of the witnesses must have been wrong about
what they saw and heard.

None of the witnesses saw and heard every single event in those 10-
12 seconds, which is why there are so many contradictions between
their statements. Once you account for witnesses missing one of the
bursts of gunfire then things start to make more sense, such as some
saying the shooting only lasted 4-6 seconds versus those who said it
lasted 8-10 seconds (thus meaning some witnesses missed the first
or last burst, whereas others heard all three bursts). During such a
short period of time with so many distractions in the noisy parade,
it’s not surprising that the witnesses missed some of these events.

Sadly my work can’t solve all of the issues in the Dealey Plaza crime
scene, but at least I feel somewhat better informed by debunking

1651963-11-22 article in the Dallas Times-Herald: “The Sheriff said he heard two
shots and ’may have seen one of the bullets hit the concrete and bounce.’”
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some of the less plausible theories and finding simple explanations
for previously incongruous witness testimony.
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A Project History

A.1 Motorcade 63

Table 2: History of Motorcade 63 (2019-2021)
Version Date Notes

0.0 2019-02-17 Started.
1.0 2019-07-17 First published version.
1.1 2019-08-02 Minor revisions.
1.2 2019-08-09 Minor revisions. Actor speed box added

to the right. Photos & Events box added
to the top left.

1.3 2019-08-21 Minor revisions.
1.4 2019-09-17 Minor revisions.
1.5 2019-09-29 Minor revisions.
1.6 2019-10-31 Multiple revisions. Clock moved to top

left. Map slightly enlarged.
1.7 2019-11-28 Minor revisions.
1.8 2020-01-06 Minor revisions. Distance travelled

added to actor speed box.
2.0 2020-02-17 Multiple revisions. Audio track added

to video.
2.1 2020-07-17 Minor revisions.
2.2 2020-12-07 Minor revisions.
2.3 2021-07-17 Minor revisions. Second animation

scenario added to website (HSCA, see
6.1.2).
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Table 3: History of Motorcade 63 (2022)
Version Date Notes

2.4 2022-07-17 Multiple revisions



A Project History 65

A.2 This Document

Table 4: History of This Document
Version Date Notes

1.2 2019-08-08 Started.
1.5 2019-10-01 First published version.
1.6 2019-10-31 Minor revisions.
1.7 2019-11-28 Minor revisions.
1.8 2020-01-06 Minor revisions.
2.0 2020-02-17 Multiple revisions.
2.1 2020-07-17 Multiple revisions. Added the witness

survey and dictabelt transcript.
2.2 2020-12-07 Animation data removed and put on

website.
2.2.1 2021-02-17 Minor revisions.
2.3 2021-07-17 Multiple revisions.

2.3.1 2021-12-11 Minor revisions.
2.4 2022-07-17 Multiple revisions.
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B The Craftsman’s Tools

I built and tested Mc63 using various PC operating systems:

• CentOS166, Debian167, Fedora168, Ubuntu169, Manjaro170,
openSUSE171, Salix172.

I used Inkscape173 to create the SVG174 map underlay and also
to explore possible viewing angles, and trajectories. I also used
Inkscape to render the 17,000 or so bitmap frames just before I cre-
ated the MP4175 video.

I used Audacity176 to mix the audio for the video; mhWaveEdit177 to
edit the wave files; SoX178 to do automated batch processing before
dubbing to video.

I used FFmpeg179 to build the MP4 video file from the animation
frames and the audio file.

I used mtCellEdit180 to edit the animation data quickly and easily.

I used LYX181 and LATEX182 to write and typeset this document.
166https://en.wikipedia.org/wiki/CentOS
167https://en.wikipedia.org/wiki/Debian
168https://en.wikipedia.org/wiki/Fedora_(operating_system)
169https://en.wikipedia.org/wiki/Ubuntu
170https://en.wikipedia.org/wiki/Manjaro
171https://en.wikipedia.org/wiki/OpenSUSE
172https://en.wikipedia.org/wiki/Salix_OS
173https://en.wikipedia.org/wiki/Inkscape
174https://en.wikipedia.org/wiki/Scalable_Vector_Graphics
175https://en.wikipedia.org/wiki/MPEG-4_Part_14
176https://en.wikipedia.org/wiki/Audacity_(audio_editor)
177https://github.com/magnush/mhwaveedit
178https://en.wikipedia.org/wiki/SoX
179https://en.wikipedia.org/wiki/FFmpeg
180https://ced.marktyler.org
181https://en.wikipedia.org/wiki/LyX
182https://en.wikipedia.org/wiki/LaTeX

https://en.wikipedia.org/wiki/CentOS
https://en.wikipedia.org/wiki/Debian
https://en.wikipedia.org/wiki/Fedora_(operating_system)
https://en.wikipedia.org/wiki/Ubuntu
https://en.wikipedia.org/wiki/Manjaro
https://en.wikipedia.org/wiki/OpenSUSE
https://en.wikipedia.org/wiki/Salix_OS
https://en.wikipedia.org/wiki/Inkscape
https://en.wikipedia.org/wiki/Scalable_Vector_Graphics
https://en.wikipedia.org/wiki/MPEG-4_Part_14
https://en.wikipedia.org/wiki/Audacity_(audio_editor)
https://github.com/magnush/mhwaveedit
https://en.wikipedia.org/wiki/SoX
https://en.wikipedia.org/wiki/FFmpeg
https://ced.marktyler.org
https://en.wikipedia.org/wiki/LyX
https://en.wikipedia.org/wiki/LaTeX
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B.1 Computer Programming

Each of the frames of the animation was created by a bespoke pro-
gram I built for this project, which is about 3-4,000 lines of C++183

code (according to SLOCCount184). Here is a screenshot of that pro-
gram in action:

Figure 11: Screenshot “Motorcade 63 Program”

The graphics engine I used was Cairo185 which was fast enough to
use in a real time user interface and was also able to export PDF186

files which I have used in this document.

I used SQLite187 as the database program to hold and query the
animation data.

183https://en.wikipedia.org/wiki/C%2B%2B
184https://dwheeler.com/sloccount
185https://en.wikipedia.org/wiki/Cairo_(graphics)
186https://en.wikipedia.org/wiki/PDF
187https://en.wikipedia.org/wiki/SQLite

https://en.wikipedia.org/wiki/C%2B%2B
https://dwheeler.com/sloccount
https://en.wikipedia.org/wiki/Cairo_(graphics)
https://en.wikipedia.org/wiki/PDF
https://en.wikipedia.org/wiki/SQLite
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C Anomalies

C.1 Wiegman Timing Anomaly

In “Epipolar Geometric Analysis of Amateur Films Related to Acous-
tics Evidence in the John F. Kennedy Assassination.”188 on page
96, Dale K. Myers189 suggests that the Wiegman film was recorded
at 24 FPS. Based on my synchronizations I think it was actually
recorded closer to 29 FPS.

The first problem with using 24 FPS for the Wiegman film is that it
creates a timing anomaly between Z280 (see appendix E.7) when
Wiegman starts filming, and Z447 (see appendix E.11) when we
know that the Zapruder film and the Wiegman film can be syn-
chronized. Myers erroneously states that Wiegman started filming
between Z245 and Z247 (making 11 seconds to Z447, or 265 Wieg-
man film frames at 24 FPS) but this must be wrong because:

1. The Wiegman film displays the Mayor’s car in line with the
traffic lights in its first clear frame after being switched on
(see appendix E.7). The Mayor’s car has almost completed its
turn onto Elm Street.

2. Altgens 6 is taken at Z255 (see appendix E.6) (i.e. later than
Myers claimed start point for Wiegman), and yet the Mayor’s
car is not visible at all (with no shadow on the road visible, so
it’s not even within a few feet of the edge of the photo’s line of
sight). In other words the Mayor’s car is nowhere near com-
pleting its turn onto Elm Street.

3. Items 1 & 2 are therefore contradicting each other regarding
the timing and position of the Mayor’s car on the turn. In Mc63
Wiegman starts filming at Z280 (see appendix E.7) which fits
perfectly with the photographic record from Wiegman and Alt-
gens. This also fits perfectly with the speed of the Mayor’s car

1882007-2010 http://www.jfkfiles.com/jfk/html/acoustics.htm
189http://www.dalemyersanimation.com

http://www.jfkfiles.com/jfk/html/acoustics.htm
http://www.dalemyersanimation.com
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from Z180 (see appendix E.4) (its last confirmed position as
seen in the Zapruder film) up to Z255 when it must be just to
the right of Altgens angle of view.

The second problem is that the Wiegman film seems a bit slow when
viewed on the original NBC News broadcast from mid afternoon
1963-11-22190. For example the flags fluttering in the wind, and
the spectators waving on Main Street early in the Wiegman film
seem a little sluggish and unnatural at times.

Both of these problems would be resolved if the frame rate was in-
creased somewhat. It’s important to note that if we change the rate
of the Wiegman film between Z280 and Z447 we must also adjust
the Zapruder film proportionately, and then Nix and Muchmore as
all of these films correlate to each other during the range Z280 and
Z447. Here are four example scenarios where the Z280 and Z447
gap has been adjusted to a given time, and then the required frame
rates are listed for each film:

Table 5: Wiegman Film Frame Rates Z280-Z447 (Numerical)
Time (secs) Wiegman FPS Zapruder FPS Nix / Muchmore

FPS

8.15 32.4 20.5 20.7
9.15 28.9 18.3 18.5
10.15 26.0 16.5 16.6

As a test, if we assume that the 9.15 secs scenario is closest to what
happened in 1963 then you need to replay the original broadcast
at 120.42% its original speed (i.e. 28.9 / 24.0) to get back the orig-
inal speed. I have done this using my VLC191 media player which
allows you to speed up and slow down a video. The Wiegman film
looks correct under these conditions (not too fast, not too slow, es-
pecially Charles Hester jumping to his feet in a rare steady part of

190https://youtu.be/M4mUvR3WToU?t=7850
191https://www.videolan.org/vlc

https://youtu.be/M4mUvR3WToU?t=7850
https://www.videolan.org/vlc
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the film). The speeds of the Zapruder, Nix, and Muchmore films are
also within a plausible range (i.e. 18-19 FPS).

Another way of doing this is to extract the frames from the original
broadcast, and then to re-encode them using FFmpeg at a differ-
ent frame rate. Finally I viewed the resulting videos and decided
whether Hester jumping to his feet looks correct or whether it was
too slow or fast. Here are the results:

Table 6: Wiegman Film Frame Rates Z280-Z447 (Viewed)
MP4 FPS % of original Wiegman FPS Judgement

30 100.0 24.0 Too slow
31 103.3 24.8 Too slow
32 106.7 25.6 Too slow
33 110.0 26.4 Too slow
34 113.3 27.2 OK
35 116.7 28.0 OK
36 120.0 28.8 OK
37 123.3 29.6 OK
38 126.7 30.4 OK
39 130.0 31.2 Too fast
40 133.3 32.0 Too fast

Ergo, by visual experiment I would say that this section of the Wieg-
man film was recorded somewhere between 27 FPS and 31 FPS.

Luis Alvarez helpfully describes scientifically what I am doing here:

“Everyone who has watched football on TV knows that it is easy to
distinguish a slow motion ’instant replay’ from the real thing, even
when the play-back rate is not much slower than the normal rate.
The clues come largely from our memorized knowledge of the oscilla-
tion frequency of the legs of runners moving at their fastest possible
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rates, and from our memory of the way objects fall in a ’one g’ grav-
itational environment.”192

I could speculate that the Wiegman film was played back incorrectly
due to the telecine193 used by NBC to broadcast the 16mm film on
television. For example if this device was calibrated to show films
at 24 FPS, and convert this to the 29.97 FPS NTSC194 broadcast,
one extra frame was added for each 4 frames of film to match the
higher frame rate (i.e. 6 extra frames per second to take the 24
FPS to 30 FPS). If the 16mm film was recorded at 24 FPS, then this
transfer would look correct, but if the true recorded frame rate was
higher, then the TV viewer would detect a slowness (as I do in this
broadcast).

The original speed of 18.3 FPS for the Zapruder film195 comes from
the FBI who studied the Bell & Howell camera that Zapruder used,
as well as the Nix and Muchmore cameras. The HSCA report quotes
18.3 FPS coming from the first 30 seconds of a fully wound cam-
era196.

Another part of the HSCA report gives even more details about the
Zapruder film frame rates197:

192“A physicist examines the Kennedy assassination film” p.27 https://
escholarship.org/uc/item/6615c5nn

193https://en.wikipedia.org/wiki/Telecine
194https://en.wikipedia.org/wiki/NTSC
195https://en.wikipedia.org/wiki/Zapruder_film
196HSCA V.6 p.27, p.30 https://aarclibrary.org/publib/jfk/hsca/

reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
197HSCA V.5 p.722-723 https://history-matters.com/archive/jfk/

hsca/reportvols/vol5/html/HSCA_Vol5_0363b.htm

https://escholarship.org/uc/item/6615c5nn
https://escholarship.org/uc/item/6615c5nn
https://en.wikipedia.org/wiki/Telecine
https://en.wikipedia.org/wiki/NTSC
https://en.wikipedia.org/wiki/Zapruder_film
https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
https://aarclibrary.org/publib/jfk/hsca/reportvols/vol6/pdf/HSCA_Vol6_2_Shots.pdf
https://history-matters.com/archive/jfk/hsca/reportvols/vol5/html/HSCA_Vol5_0363b.htm
https://history-matters.com/archive/jfk/hsca/reportvols/vol5/html/HSCA_Vol5_0363b.htm
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Table 7: Measured Zapruder Film Frame Rates
Period (secs) FPS

0 - 10 18.0 - 18.1
10 - 30 18.3 - 18.5
30 - 40 18.1
40 - 60 17.6 - 17.9

Due to the mechanical nature of the cameras in 1963 we can never
be certain of exactly what the frame rate of the devices was when
recording the film. As proven by the FBI tests these cameras slow
down and speed up during recording, so no single figure can ever
be 100% accurate throughout a continuous sequence. However, the
ranges quoted in table 5 are close enough to the expected values
numerically and by visual observation of the films. Ergo the tim-
ing in Mc63 during Z280-Z447 can be assumed to be approximately
correct.
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C.2 Towner Timing Anomaly

In “Epipolar Geometric Analysis of Amateur Films Related to Acous-
tics Evidence in the John F. Kennedy Assassination.”198 on page 55,
Dale K. Myers199 calculated that the Towner film was recorded at
22.8 FPS. By contrast Gary Mack from the Sixth Floor Museum has
suggested that the film was recorded at around 18 FPS:

“But the Dealey Plaza footage was at the end of the reel and, as
is well-known from camera tests of Zapruder, Nix and Muchmore,
camera speeds varied by 5% or more from beginning to end and each
film scene speed depends on several variables. Our transfer of the en-
tire Towner reel was made at 20 fps, which is more than 10% faster
than normal (which was almost certainly 18fps). The transfer prob-
ably shows the limo moving too fast. That, of course, is not a signifi-
cant visual problem but it would wreak havoc with anyone using the
video transfer to establish the camera’s true speed.

Since joining the Museum in 1994, I have personally overseen the
film to tape transfers of the 8mm camera original Bronson, Hughes,
Bell, Towner and Dorman films, the first generation Nix and Za-
pruder films, and many others showing motorcade scenes prior to
Dealey Plaza. Those amateur cameras ran at either 16fps or 18fps,
+/- several percentage points. With the exception of the Towner film,
all were transferred at either 16 or 18fps, whichever produced the
most natural movement. The film technician who has done all of
the transfers has been providing his service for a couple decades; he
has literally viewed hundreds and hundreds of films and has a su-
perb eye and "feel" for the appropriate speed. The difference between
16fps and 18fps may seem small, but it is glaringly noticeable when
viewed on professional monitors

The Towner film’s true speed is likely closer to 18fps or slightly faster
for most of the reel than to any other speed; it certainly was not op-
erating at 16fps on November 22, 1963.

1982007-2010 http://www.jfkfiles.com/jfk/html/acoustics.htm
199http://www.dalemyersanimation.com

http://www.jfkfiles.com/jfk/html/acoustics.htm
http://www.dalemyersanimation.com
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Gary Mack”200

The difference between 18 FPS and 22.8 FPS is a 26.7% increase,
which is significant. To establish the correct speed we need to com-
pare the Towner film to the Hughes film, as they both share a 4.8
second overlap which allows us to judge the relative speed ratio of
the two films.

As shown in appendix E.2 and table 12, I think the most likely rate
for the Hughes film is around 18 FPS. By using this as a benchmark
we can measure how fast the Towner film was recording as they
recorded the same scene from a different angle.

The Towner film segment of interest is 160 frames, with 7 frames
missing201, thus totalling 167 frames at an unknown frame rate.
On the animation map I have measured the positions of the vehicles
at the start and end points, and the gap between the Presidential
limo start and finish positions is 104.0 ft.

The Hughes film segment is 4.8 seconds at a frame rate of 18
FPS202. The distance the Presidential limo travels from start to fin-
ish is 64.3 ft. The limo isn’t visible at the end of this segment but
its position can be estimated as the follow up Secret Service car is
so close to it. Therefore the limo is travelling at 13.4 ft/sec (64.3 ft /
4.8 secs) or 9.1 MPH on average as it turned that part of the corner.

I have assumed that 9.33 MPH is the average speed during the
whole of the Towner segment (slightly faster than the 9.1 MPH dur-
ing the Hughes film due to accelerating out of the bend after Hughes
stopped filming). 39.7 ft is the gap between the Hughes limo dis-
tance travelled and the Towner distance travelled, i.e. 104.0 minus
64.3. This means that the time taken to film the Towner segment
is 7.6 seconds (104.0 ft / 13.68 ft/sec (9.33 MPH)).

200http://educationforum.ipbhost.com/topic/23627-zapruder-film/
page/2/?tab=comments#comment-346994

201p.53-54 “Epipolar Geometric Analysis of Amateur Films Related to Acoustics
Evidence in the John F. Kennedy Assassination.” 2007-2010 Dale K. Myers

202As measured from the version of the Hughes film from the Sixth Floor Mu-
seum.

http://educationforum.ipbhost.com/topic/23627-zapruder-film/page/2/?tab=comments#comment-346994
http://educationforum.ipbhost.com/topic/23627-zapruder-film/page/2/?tab=comments#comment-346994
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Finally, I can now calculate the frame rate which is 167 frames /
7.6 secs or 22.0 FPS. Myers calculates 22.8 FPS, but this is with
the Hughes film at a higher rate of 18.3 FPS. After adjusting the
Hughes film to this higher rate, my Towner film rate becomes 22.4
FPS which is within 2% of his 22.8 FPS. Therefore I conclude that
the 18 FPS Towner figure is far too low and the correct Towner
figure is approximately 22.0-22.8 FPS relative to the Hughes film
being recorded at 18.0-18.3 FPS.

All of these assumptions and results seem to create a smooth se-
quence in the animation so I suspect they are close to the real fig-
ures from 1963. Here are the animation frames with the figures I
have used:

Figure 12: Animation Frame “Towner Film Start”

Copyright (C) 2019-2022 www.MarkTyler.org All Rights Reserved
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(47) T. Towner Start

Actor - MPH - Feet
-5 12.6 S. Ellis 1038.3
-4 16.4 E.D. Brewer 1283.7
-3 13.5 L.E. Gray 1031.4
-1 14.2 W.G. Lumpkin 1029.7
0 10.0 Dallas Police Lead 818.7
1 11.0 Presidential Limo 714.3
2 6.6 B.J. Martin 717.8
3 8.3 B.W. Hargis 710.2
4 10.6 J.M. Chaney 687.5
5 11.6 D.L. Jackson 679.6
6 10.9 Secret Service #1 689.3
7 9.9 Vice President 613.0
8 9.8 Secret Service #2 588.4
11 9.4 Mayor Cabell 540.6
12 9.1 National Press Pool 510.6
13 8.3 Camera Car #1 464.2
14 8.0 Camera Car #2 803.4
15 8.4 Camera Car #3 630.5
17 13.2 M.L. Baker 395.6
43 11.8 J. Altgens 66.3
49 14.6 P. Willis 115.1
50 10.4 R. Willis 144.9
51 7.2 H. Betzner 33.1
53 11.4 R. Bothun 64.4
55 11.6 R. Croft 168.8
60 6.7 J.T. Martin 46.4
90 9.9 Brehm Family 114.5
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Figure 13: Animation Frame “Hughes Film Start”
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(59) Hughes Limo Turn Start

(47) T. Towner Start

Actor - MPH - Feet
-5 12.7 S. Ellis 1045.7
-4 16.4 E.D. Brewer 1293.3
-3 13.5 L.E. Gray 1039.4
-1 14.2 W.G. Lumpkin 1038.0
0 10.0 Dallas Police Lead 824.5
1 10.6 Presidential Limo 720.6
2 5.8 B.J. Martin 721.5
3 7.6 B.W. Hargis 714.8
4 9.7 J.M. Chaney 693.4
5 10.8 D.L. Jackson 686.2
6 10.5 Secret Service #1 695.6
7 9.9 Vice President 618.8
8 9.8 Secret Service #2 594.1
11 9.4 Mayor Cabell 546.1
12 9.1 National Press Pool 516.0
13 8.3 Camera Car #1 469.1
14 8.0 Camera Car #2 808.1
15 8.4 Camera Car #3 635.4
17 13.0 M.L. Baker 403.3
43 12.1 J. Altgens 73.3
49 14.7 P. Willis 123.7
50 10.0 R. Willis 150.9
51 6.5 H. Betzner 37.2
53 11.7 R. Bothun 71.1
55 11.3 R. Croft 175.5
60 6.5 J.T. Martin 50.3
63 0.7 M. Muchmore 0.2
65 0.6 O. Nix 0.2
85 0.4 C. Walther 0.1
90 9.9 Brehm Family 120.3

Figure 14: Animation Frame “Hughes Film Finish”
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(59) Hughes Limo Turn End

(60) Martin Willis

(47) Towner Hughes Limo Turn End
Actor - MPH - Feet

-5 13.1 S. Ellis 1136.3
-3 13.6 L.E. Gray 1134.9
-1 14.5 W.G. Lumpkin 1139.2
0 10.1 Dallas Police Lead 895.0
1 8.8 Presidential Limo 784.9
2 6.5 B.J. Martin 754.3
3 7.9 B.W. Hargis 759.3
4 10.6 J.M. Chaney 753.2
5 11.5 D.L. Jackson 753.4
6 8.7 Secret Service #1 758.9
7 9.9 Vice President 688.5
8 9.5 Secret Service #2 662.0
11 9.2 Mayor Cabell 611.4
12 8.9 National Press Pool 579.3
13 8.7 Camera Car #1 528.6
14 8.3 Camera Car #2 865.1
15 8.6 Camera Car #3 694.9
16 12.2 H.B. McLain 450.8
17 6.0 M.L. Baker 470.5
18 11.5 Congressman #1 661.7
19 11.8 Congressman #2 632.7
43 12.3 J. Altgens 163.1
48 0.5 J. Towner 1.5
49 8.3 P. Willis 212.8
50 4.3 R. Willis 197.2
51 1.8 H. Betzner 49.4
53 11.6 R. Bothun 156.8
55 6.1 R. Croft 239.9
63 6.1 M. Muchmore 27.6
64 3.1 W. Bond 5.0
65 4.9 O. Nix 22.5
85 3.1 C. Walther 14.4
90 7.6 Brehm Family 184.0
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Figure 15: Animation Frame “Towner Film Finish”
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(47) T. Towner Finish

Actor - MPH - Feet
-5 13.2 S. Ellis 1182.6
-3 13.7 L.E. Gray 1182.9
-1 14.6 W.G. Lumpkin 1190.4
0 10.2 Dallas Police Lead 930.7
1 10.4 Presidential Limo 818.3
2 9.7 B.J. Martin 789.8
3 10.9 B.W. Hargis 791.1
4 12.5 J.M. Chaney 794.4
5 12.5 D.L. Jackson 795.8
6 10.4 Secret Service #1 791.9
7 8.1 Vice President 719.3
8 7.5 Secret Service #2 690.8
11 9.1 Mayor Cabell 643.5
12 8.9 National Press Pool 610.7
13 9.2 Camera Car #1 560.1
14 8.7 Camera Car #2 894.8
15 8.7 Camera Car #3 725.3
16 11.4 H.B. McLain 492.6
17 5.8 M.L. Baker 490.4
18 10.1 Congressman #1 700.2
19 9.9 Congressman #2 671.3
20 9.8 Congressman #3 770.4
43 10.0 J. Altgens 202.9
48 0.5 J. Towner 3.2
50 6.6 R. Willis 218.2
51 3.0 H. Betzner 58.6
53 9.1 R. Bothun 193.7
55 1.7 R. Croft 254.2
63 6.8 M. Muchmore 50.7
64 5.4 W. Bond 20.1
65 5.0 O. Nix 40.3
85 3.2 C. Walther 25.8
90 5.1 Brehm Family 206.5
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D Animation Data

The raw animation data can be downloaded directly from my Mc63
website.

D.1 Actors

https://www.marktyler.org/mc63/mc63_actors.csv

D.2 Photos and Events

https://www.marktyler.org/mc63/mc63_photos.csv

D.3 Dictabelt Audio Transcript

https://www.marktyler.org/mc63/mc63_dictabelt.csv

https://www.marktyler.org/mc63/mc63_actors.csv
https://www.marktyler.org/mc63/mc63_photos.csv
https://www.marktyler.org/mc63/mc63_dictabelt.csv
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E Sample Animation Frames

E.1 Moorman 3

Figure 16: Animation Frame “Moorman 3”
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(62) Moorman 3
Only McBride & Garrick visible

Actor - MPH - Feet
-8 13.1 G.C. McBride 934.9
-7 13.1 S.Q. Bellah 956.4
-6 12.4 J.B. Garrick 950.9
-5 6.6 S. Ellis 723.6
-4 10.2 E.D. Brewer 835.6
-3 13.2 L.E. Gray 643.0
-2 12.5 H.B. Freeman 846.1
-1 13.3 W.G. Lumpkin 630.4
0 9.5 Dallas Police Lead 492.8
1 12.2 Presidential Limo 398.7
2 12.9 B.J. Martin 374.4
3 13.8 B.W. Hargis 380.7
4 13.4 J.M. Chaney 379.1
5 13.4 D.L. Jackson 378.8
6 12.4 Secret Service #1 373.3

This is the moment that Mary Moorman203 took one of her Polaroid
photos.

Figure 17: Photo “Moorman 3”

203https://en.wikipedia.org/wiki/Mary_Moorman

https://en.wikipedia.org/wiki/Mary_Moorman
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E.2 Weaver

Figure 18: Animation Frame “Weaver”

Copyright (C) 2019-2022 www.MarkTyler.org All Rights Reserved
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(74) Weaver
Lumpkin is turning into the corner

Actor - MPH - Feet
-8 14.2 G.C. McBride 1055.2
-7 14.1 S.Q. Bellah 1076.4
-6 13.8 J.B. Garrick 1066.5
-5 8.4 S. Ellis 782.5
-4 13.0 E.D. Brewer 938.3
-3 10.5 L.E. Gray 742.0
-2 14.5 H.B. Freeman 965.3
-1 10.5 W.G. Lumpkin 740.2
0 12.6 Dallas Police Lead 590.0
1 7.2 Presidential Limo 483.4
2 7.9 B.J. Martin 466.6
3 8.1 B.W. Hargis 482.3
4 6.8 J.M. Chaney 472.5
5 6.3 D.L. Jackson 470.1
6 7.2 Secret Service #1 458.5
7 11.3 Vice President 385.3
49 3.8 P. Willis 9.5

This is the moment that Jack Weaver snapped his Polaroid photo
of the Presidential limo turning from Main Street onto Houston
Street. At exactly this time there were also three films being
recorded: Zapruder, Hughes, and Muchmore. This makes it a very
good sync point for analysis.

Figure 19: Photo “Weaver”
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E.2.1 Weaver & Zapruder Z035

The common feature between the Weaver photo and the Zapruder
film is the position of the bike ridden by W.G. Lumpkin. I have
measured this position by triangulating Zapruder’s position and
Weaver’s position on the map relative to the corners of the TSBD
and the Dal-Tex building (about 42% of the total distance between
the corners). This locates the frame as Z035204:

Figure 20: Film Frame “Zapruder Z035”

• The bike in the middle lane, ridden by L.E. Gray is not visible
in the Weaver photo because the DPD Lead car is obscuring
it.

• The bike in the left hand lane, ridden by Stavis Ellis is not
visible in the Weaver photo because the spectators on the edge
of the pavement by the reflecting pool wall are obscuring it.

204https://www.assassinationresearch.com/zfilm/z035.jpg

https://www.assassinationresearch.com/zfilm/z035.jpg
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Figure 21: Construction lines “Weaver”

The construction lines in figure 21 show the geometry of my work-
ings:

• In the Weaver photo Lumpkin is in line with 42% between
the TSBD and the Dal-Tex building corners, which is exactly
where he needs to be relative to the Zapruder film (he was in
line with the lamppost at Z024). The animation shows that he
gently slowed from 12 MPH to 10 MPH as he took this wide
corner. Gray in the middle lane was a bit slower at about 8
MPH as his corner angle was slightly tighter, which is shown
in the Zapruder film Z002-Z035 (figure 20, where he is seen
tilting to his left).

E.2.2 Weaver & Muchmore

The common features between the Weaver photo and the Muchmore
film are:
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• JFK is pushing his hair back, and displaying a pointed elbow.

• The two bikes to the right of the limo are very close to the
white line separating Main Street from the junction.

These features narrow the Muchmore frames down to 267 - 272, so
I have chosen 267 as the point closest to the Weaver photo being
taken:

Figure 22: Film Frame “Muchmore 267”

Later on in this segment of the Muchmore film we see Phil Willis
preparing to take his photo number “3”:

Figure 23: Film Frame “Muchmore 425”

This allows me to calculate the average limo speed turning the cor-
ner and accelerating along Houston Street:
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Table 8: Muchmore Houston Limo Positions
Photo Muchmore (frame) Limo (ft) Time (secs)

Weaver 267 483.3 -33.74
Willis 2 338.6 523.9 -29.84

425 590.5 -25.14
Willis 3 598.2 -24.70

Table 9: Muchmore Houston Limo Speeds
Frame A-B Time (secs) Distance (ft) ft/sec MPH

267 - 338.6 3.90 40.6 10.4 7.1
338.6 - 425 4.70 66.6 14.2 9.7

425 - Willis 3 0.44 7.7 17.5 12.0

Mc63 calculates the Houston Street limo peak speed to be about
12-13 MPH soon after the Willis 3 photo was taken.

E.2.3 Muchmore & Hughes

One way of checking the relative speeds between the Muchmore and
Hughes films is to measure the rate of blinking on the front lights
of the Presidential limo.
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Table 10: Muchmore Limo Light Blinks
Left on Right on Left Gap Right Gap

248-258
258-264 16

264-274 16-17
274-281 16-17

281-290 16-17
290-298 17

298-307 17
307-?

Therefore the average gap in the Muchmore film is 16.58 frames per
blink cycle.

Table 11: Hughes Limo Light Blinks
Left on Right on Left Gap Right Gap

?-453
453-465 27

465-480 28
481-493 28

493-508 27
508-520 26-27

520-534 26
534-?

Therefore the average gap in the Hughes film is 27.08 frames. The
video from the Sixth Floor Museum was playing back at 30 FPS
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and was created from assuming that the film was recorded at 18.0
FPS205, then the frames per cycle is 16.25 (i.e. 27.08 / 30 * 18).

In other words the Hughes and Muchmore films were recorded at
a very similar rate in 1963 with a ratio of (16.58 : 16.25) for that
particular set of frames. This means that the Muchmore frame rate
was 18.37 FPS if the Hughes film was 18.0 FPS (i.e. 18 * 16.58 /
16.25).

E.2.4 Zapruder Z130 & Muchmore & Hughes

Z130 is the last clear Zapruder frame of the first sequence, and
shows very clearly that the DPD Lead car has yet to start its turn
onto Elm Street. In the animation I have placed the car just behind
the wall of the reflecting pool as per this animation frame. We don’t
know the exact position of the DPD Lead car because it is obscured,
but the value of this judgment is that by putting it here we put a
limit on the final Zapruder film frame rate later on in table 12. Con-
versely if the Zapruder frame rate was any slower, the DPD Lead
car would be visible in Z130.

This is also when Hughes catches the car starting its turn:

205https://emuseum.jfk.org/objects/23202/robert-hughes-film

https://emuseum.jfk.org/objects/23202/robert-hughes-film
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Figure 24: Animation Frame “Hughes DPD Lead”

Copyright (C) 2019-2022 www.MarkTyler.org All Rights Reserved
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12:29:31.42

(59) Hughes DPD Lead

(46) Z130
DPD Lead car *NOT* visible on turn

Actor - MPH - Feet
-8 14.7 G.C. McBride 1164.8
-7 14.5 S.Q. Bellah 1185.1
-6 14.4 J.B. Garrick 1173.6
-5 11.3 S. Ellis 856.0
-4 14.8 E.D. Brewer 1044.1
-3 13.2 L.E. Gray 829.0
-2 15.6 H.B. Freeman 1079.3
-1 13.1 W.G. Lumpkin 822.4
0 10.5 Dallas Police Lead 686.4
1 8.5 Presidential Limo 538.8
2 11.8 B.J. Martin 545.4
3 11.0 B.W. Hargis 549.3
4 8.2 J.M. Chaney 513.8
5 7.1 D.L. Jackson 507.9
6 8.5 Secret Service #1 513.8
7 9.6 Vice President 464.4
8 9.6 Secret Service #2 440.2
11 9.1 Mayor Cabell 395.5
50 2.7 R. Willis 2.2
55 5.4 R. Croft 11.6
90 2.1 Brehm Family 2.0

I judge this point to be frame 745 of the Hughes film (from the 30
FPS video built from the 18 FPS original film) when the DPD Lead
car starts to move into the turn and:

• The rear of the Presidential limo is roughly level with the final
white line commencing Houston Street (see fig 24).

• JFK has just straightened himself up at this point and then
turns to his left to speak to others in the car, which allows
me to match this point in the Hughes film to frame 362 of the
Muchmore film.

We have the Weaver Muchmore point at frame 267, with frame 362
when the DPD Lead car starts its turn when Zapruder stops film-
ing. This period is 5.17 seconds (i.e. (362-267) / 18.37) if the Hughes
film is 18 FPS.

We can then deduce the Z035 frame in Hughes which is 590 (i.e. 745
- 30*5.17). In the Hughes frame we see Nellie Connally is beginning
to turn her head to the left, which means that it cannot be any later
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than this, because in the Weaver photo she is looking straight ahead
(which is consistent with Hughes frame 598 or before, so we have
no contradiction).

E.2.5 Relative Frame Rates: Z035-Z130, Hughes, Much-
more

Now we know the Hughes/Muchmore film speed relationship, and
we have a measurement for Z035 and Z130 I can calculate the rel-
ative frame rate for each film. There is no way to know the exact
frame rates from 1963, but we can study the ratio between the films
and develop a few possible scenarios:

Table 12: Zapruder Hughes Muchmore Frame Rates Z035-Z130
Time (secs) Zapruder FPS Hughes FPS Muchmore FPS

4.7 20.2 19.8 20.2
4.9 19.4 19.0 19.4
5.17 18.4 18.0 18.4
5.3 17.9 17.6 17.9
5.7 16.7 16.3 16.7

Zapruder FPS = 95 frames / Time.

Hughes = 18 (FPS) * 5.17 / Time.

Muchmore FPS = Hughes * 16.58 / 16.25.
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E.3 Z150

Figure 25: Animation Frame “Z150”

Copyright (C) 2019-2022 www.MarkTyler.org All Rights Reserved
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12:29:51.09 Z150.0

(59) Hughes McLain

(60) Martin Limo
Hargis speeds past B.J. Martin

(49) Willis 4

(46) Z133

Actor - MPH - Feet
-5 13.3 S. Ellis 1216.3
-3 13.7 L.E. Gray 1217.7
-1 14.7 W.G. Lumpkin 1227.5
0 10.4 Dallas Police Lead 956.9
1 10.2 Presidential Limo 844.0
2 7.7 B.J. Martin 811.3
3 9.3 B.W. Hargis 820.4
4 13.0 J.M. Chaney 826.9
5 12.8 D.L. Jackson 827.9
6 10.1 Secret Service #1 817.4
7 8.9 Vice President 740.6
8 8.3 Secret Service #2 710.4
11 9.1 Mayor Cabell 666.5
12 9.0 National Press Pool 633.4
13 9.7 Camera Car #1 584.0
14 9.1 Camera Car #2 917.3
15 8.9 Camera Car #3 747.7
16 10.2 H.B. McLain 520.1
17 7.5 M.L. Baker 506.9
18 8.4 Congressman #1 723.8
19 7.7 Congressman #2 693.8
20 7.5 Congressman #3 792.5
21 8.1 VIP 748.3
43 7.3 J. Altgens 225.1
47 3.4 T. Towner 5.8
48 0.3 J. Towner 4.2
49 0.9 P. Willis 229.1
50 5.0 R. Willis 233.3
51 2.4 H. Betzner 65.7
52 0.8 M. Bell 0.6
53 6.2 R. Bothun 213.3
63 6.4 M. Muchmore 67.6
64 6.2 W. Bond 34.9
65 4.3 O. Nix 52.3
85 2.8 C. Walther 33.4
90 2.7 Brehm Family 216.4

This is the synchronized point between the Zapruder film and the
Hughes film:

• H.B. McLain is turning from Main Street onto Houston Street.

• The VP Secret Service follow up car has just started its turn
(positioned in the Zapruder film by the edge of the reflecting
pool).
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E.4 Z188

Figure 26: Animation Frame “Z188”
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12:29:53.16 Z188.0

(89) Baker Impact Area Visible
Bullet impact area becomes visible CE354 16H949

(51) Betzner 3

(46) Z180
Mayors car behind spectators on Houston, left of pool wall Actor - MPH - Feet

-5 13.4 S. Ellis 1257.1
-3 13.7 L.E. Gray 1259.5
-1 14.7 W.G. Lumpkin 1272.2
0 10.7 Dallas Police Lead 989.1
1 11.6 Presidential Limo 877.5
2 9.0 B.J. Martin 835.6
3 8.6 B.W. Hargis 845.2
4 12.5 J.M. Chaney 866.0
5 12.5 D.L. Jackson 866.6
6 12.1 Secret Service #1 851.3
7 11.4 Vice President 771.6
8 11.5 Secret Service #2 740.4
10 11.1 HSCA Dictabelt 48.7
11 8.3 Mayor Cabell 693.8
12 8.4 National Press Pool 660.8
13 9.5 Camera Car #1 612.9
14 8.1 Camera Car #2 943.0
15 8.0 Camera Car #3 773.2
16 11.0 H.B. McLain 552.4
17 8.0 M.L. Baker 530.4
18 6.6 Congressman #1 746.1
19 5.6 Congressman #2 713.5
20 5.4 Congressman #3 811.7
21 6.6 VIP 770.5
23 10.9 C.A. Haygood 746.9
43 2.9 J. Altgens 240.9
49 0.8 P. Willis 232.4
50 1.7 R. Willis 244.5
52 2.1 M. Bell 5.2
53 1.7 R. Bothun 225.7
59 0.9 R. Hughes 0.3
63 5.0 M. Muchmore 85.1
64 6.3 W. Bond 54.3
65 2.6 O. Nix 63.1
85 1.7 C. Walther 40.3

This frame is just after the Mayor’s car was last seen in the Za-
pruder film in the background of Z180.

Just a second or two later Elizabeth “Dearie” Cabell looked up and
spotted the gun in the sixth floor window:

“I saw a projection out of one of those windows. Those windows on
the sixth floor are in groups of twos.”206

Dearie had a very keen eye. She also said:

“I am completely aware of the people running up that hill. I saw
the man throw the child on the ground and throw himself. I saw a
woman in a bright green dress throw herself on the ground. I saw
the policeman running up the grassy slope.”

206WCR V.7 p.486 http://aarclibrary.org/publib/jfk/wc/wcvols/wh7/
pdf/WH7_MrsEarleCabell.pdf

http://aarclibrary.org/publib/jfk/wc/wcvols/wh7/pdf/WH7_MrsEarleCabell.pdf
http://aarclibrary.org/publib/jfk/wc/wcvols/wh7/pdf/WH7_MrsEarleCabell.pdf
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Mc63 shows that she was talking about William Newman and his
family on the grass as she had a very clear view of this area (see
appendix E.11 for a view from behind the Mayor’s car proving this).
The policeman she mentions was possibly B.W. Hargis who had just
run across the road as she drove past. He didn’t run up the grass
slope, so perhaps she was assuming David Wiegman was a police-
man as he was running up the knoll at this point? The woman
in the bright green dress is probably Beatrice Hester who fell to
the ground just after the Mayor’s car stopped207 (or possibly Doris
Mumford who was seen on the grass near the Newman family in
the Wiegman film: see figure 40). Either way, everything Cabell
said seems to be corroborated by other evidence thus proving her
reliability as a witness.

207Hester was wearing a bright green dress as shown by a pre-motorcade frame
of the Zapruder film: https://sites.google.com/site/lightboxzframes/
lightbox-frame-sets

https://sites.google.com/site/lightboxzframes/lightbox-frame-sets
https://sites.google.com/site/lightboxzframes/lightbox-frame-sets
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E.5 Z200, Z175, Z215

Figure 27: Animation Frame “Z200”
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12:29:53.82 Z200.0

(51) Betzner 3

(72) Royce Skelton Ricochet
Dust spray in front of car on drivers side CD205 1963-12-18

(89) Virgie Baker Ricochet
Bullet bounced on road after first shot CD5 1963-11-24 7H509

(83) Westbrook/Calvery first shot
The car was "almost directly in front of where I was standing"

Actor - MPH - Feet
-5 13.5 S. Ellis 1270.1
-3 13.8 L.E. Gray 1272.7
-1 14.7 W.G. Lumpkin 1286.4
0 10.8 Dallas Police Lead 999.5
1 11.6 Presidential Limo 888.6
2 10.2 B.J. Martin 844.8
3 10.4 B.W. Hargis 854.3
4 12.1 J.M. Chaney 877.8
5 12.3 D.L. Jackson 878.6
6 12.4 Secret Service #1 863.1
7 11.8 Vice President 782.7
8 12.3 Secret Service #2 751.8
10 12.3 HSCA Dictabelt 59.8
11 7.6 Mayor Cabell 701.5
12 7.8 National Press Pool 668.5
13 9.6 Camera Car #1 622.1
14 8.3 Camera Car #2 950.8
15 7.9 Camera Car #3 780.8
16 11.2 H.B. McLain 563.1
17 8.2 M.L. Baker 538.2
18 6.5 Congressman #1 752.4
19 5.4 Congressman #2 718.7
20 5.3 Congressman #3 816.8
21 6.4 VIP 776.8
23 10.6 C.A. Haygood 757.3
43 1.3 J. Altgens 243.0
49 0.1 P. Willis 232.9
52 2.4 M. Bell 7.4
59 2.0 R. Hughes 1.7
63 4.3 M. Muchmore 89.6
64 6.2 W. Bond 60.3
65 1.8 O. Nix 65.2
85 1.7 C. Walther 41.9

This animation frame shows where Karen Westbrook and Gloria
Calvery were standing together on the pavement, with the Presi-
dential limo directly in front of them:

Westbrook: “The car he was in was almost directly in front of where
I was standing when I heard the first explosion.”208

Calvery: “The car he was in was almost directly in front of where I
was standing when I heard the first shot.”209

This animation frame also shows that Royce Skelton and Virgie
Baker were both able to see the impact of the stray bullet that they
said hit the road near the limo after the first shot was fired (see
section 5.3.2). Baker would not have been able to see this impact

208FBI statement 1964-03-19 WCR V.22 p.679 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1381.pdf

209FBI statement 1964-03-19 WCR V.22 p.638 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1381.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1381.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1381.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1381.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1381.pdf
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before Z175 or after Z215 due to other cars blocking her view, so
the first shot must have been fired within this two second period
and nowhere else. Here are those reference frames:

Figure 28: Animation Frame “Z175”
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12:29:52.45 Z175.0

(89) Baker Impact Area Visible
Bullet impact area becomes visible CE354 16H949

(55) Croft 3

Actor - MPH - Feet
-5 13.4 S. Ellis 1243.1
-3 13.7 L.E. Gray 1245.2
-1 14.7 W.G. Lumpkin 1256.9
0 10.6 Dallas Police Lead 978.0
1 11.4 Presidential Limo 865.4
2 8.1 B.J. Martin 826.8
3 7.8 B.W. Hargis 836.8
4 12.8 J.M. Chaney 852.8
5 12.7 D.L. Jackson 853.4
6 11.6 Secret Service #1 838.9
7 10.7 Vice President 760.1
8 10.4 Secret Service #2 729.0
10 10.5 HSCA Dictabelt 37.5
11 9.0 Mayor Cabell 684.7
12 9.1 National Press Pool 651.5
13 9.4 Camera Car #1 603.1
14 8.2 Camera Car #2 934.5
15 8.2 Camera Car #3 764.8
16 10.8 H.B. McLain 541.1
17 7.8 M.L. Baker 522.2
18 7.0 Congressman #1 739.1
19 6.0 Congressman #2 707.4
20 5.9 Congressman #3 805.8
21 7.0 VIP 763.4
43 4.5 J. Altgens 237.0
47 1.0 T. Towner 11.0
49 1.2 P. Willis 231.4
50 3.7 R. Willis 241.5
51 0.9 H. Betzner 69.1
52 1.8 M. Bell 3.2
53 3.4 R. Bothun 223.0
63 5.6 M. Muchmore 79.6
64 6.4 W. Bond 47.6
65 3.3 O. Nix 60.0
85 2.1 C. Walther 38.3
90 0.5 Brehm Family 219.6

Figure 29: Animation Frame “Z215”
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12:29:54.64 Z215.0

(89) Baker Impact Area Hidden
Bullet impact area becomes hidden CE354 16H949

(72) Royce Skelton Ricochet
Dust spray in front of car on drivers side CD205 1963-12-18

(89) Virgie Baker Ricochet
Bullet bounced on road after first shot CD5 1963-11-24 7H509

(83) Westbrook/Calvery first shot
The car was "almost directly in front of where I was standing"

(49) Willis 5

Actor - MPH - Feet
-5 13.5 S. Ellis 1286.3
-3 13.8 L.E. Gray 1289.3
-1 14.7 W.G. Lumpkin 1304.0
0 11.0 Dallas Police Lead 1012.6
1 12.2 Presidential Limo 902.9
2 11.4 B.J. Martin 857.8
3 11.7 B.W. Hargis 867.7
4 9.8 J.M. Chaney 890.8
5 10.3 D.L. Jackson 892.0
6 12.7 Secret Service #1 878.2
7 12.2 Vice President 797.2
8 13.1 Secret Service #2 767.1
10 12.9 HSCA Dictabelt 75.1
11 7.2 Mayor Cabell 710.3
12 7.4 National Press Pool 677.6
13 9.9 Camera Car #1 633.8
14 8.7 Camera Car #2 961.0
15 8.0 Camera Car #3 790.3
16 11.3 H.B. McLain 576.6
17 8.4 M.L. Baker 548.1
18 6.6 Congressman #1 760.3
19 5.6 Congressman #2 725.3
20 5.4 Congressman #3 823.2
21 6.2 VIP 784.3
22 11.6 J.W. Courson 757.4
23 10.2 C.A. Haygood 769.9
43 1.0 J. Altgens 244.3
52 2.7 M. Bell 10.5
59 3.2 R. Hughes 4.9
63 3.3 M. Muchmore 94.2
64 5.9 W. Bond 67.6
65 0.7 O. Nix 66.7
85 1.7 C. Walther 44.0
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Other witnesses also support Z175-Z215 being the time of the first
shot (see section 5.3 for more detailed information, and other re-
search210 211):

• Phil Willis took a photo circa Z202 immediately after the first
shot.

• Charles Bronson took a photo circa Z228 in response to the
first shot (which is far too soon to react to a shot fired at Z220).

• John Connally heard a shot fired two seconds before he was
hit, which the Zapruder film shows to be Z225. Two seconds
before Z225 is Z188.

• Abraham Zapruder moved suddenly for about a second for
some reason and blurred his film Z190-Z210. It is reasonable
to conclude that the first shot would have startled him enough
to cause such a reaction.

• Hurchel Jacks was driving the Vice President’s car and had
just turned onto Elm Street when he heard the first shot (see
section 6.3) which matches the car position at Z200.

• A.J. Millican said the limo had just passed him at the lamp-
post when the first shot was fired which is consistent with
Z190-Z200 and not before (see section 6.3).

• George Hickey said he started turning to his right after the
first shot, which can be seen happening just after frame Z193
of the Zapruder film.

All of this witness evidence taken together rules out the first shot
being fired before Z175 or after Z215, with the most likely time of
the shot being fired around Z180-Z190 of the Zapruder film which

210Barb Junkkarinen - Kennedy Assassination Chronicles (summer 1999) http:
//www.jfklancer.com/pdf/bj190.pdf

211Douglas DeSalles - Kennedy Assassination Chronicles (fall 1999)
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%
20Files/D%20Disk/DeSalles%20Douglas%20MD/Item%2001.pdf

http://www.jfklancer.com/pdf/bj190.pdf
http://www.jfklancer.com/pdf/bj190.pdf
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/D%20Disk/DeSalles%20Douglas%20MD/Item%2001.pdf
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/D%20Disk/DeSalles%20Douglas%20MD/Item%2001.pdf
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would have been audible to the witnesses during the following half
second or so (Z190-Z200) when all of the reported events seem to
start happening.
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E.6 Z255

Figure 30: Animation Frame “Z255”
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12:29:56.83 Z255.0

(43) Altgens 6
JFK/JBC reactions in the car. Mayors car missing

(69) Bowers loses limo
The limo is hidden by the pergola

(46) Z245
Camera car #2 behind holes in wall

(46) Z254
McLain / Baker behind Camera car #2

Actor - MPH - Feet
0 11.5 Dallas Police Lead 1048.6
1 12.3 Presidential Limo 943.3
2 13.0 B.J. Martin 897.4
3 13.2 B.W. Hargis 908.1
4 11.0 J.M. Chaney 925.7
5 11.9 D.L. Jackson 929.2
6 12.0 Secret Service #1 918.8
7 12.8 Vice President 837.6
8 13.8 Secret Service #2 810.7
10 12.6 HSCA Dictabelt 117.2
11 9.4 Mayor Cabell 735.6
12 9.6 National Press Pool 703.7
13 9.2 Camera Car #1 664.7
14 11.8 Camera Car #2 992.7
15 9.2 Camera Car #3 817.6
16 11.3 H.B. McLain 613.0
17 9.1 M.L. Baker 576.1
18 8.6 Congressman #1 784.1
19 7.8 Congressman #2 746.0
20 7.6 Congressman #3 843.4
21 6.3 VIP 804.1
22 11.1 J.W. Courson 793.9
23 8.9 C.A. Haygood 800.7
24 7.8 Bus #1 760.6
43 0.4 J. Altgens 246.7
52 2.8 M. Bell 19.6
59 5.1 R. Hughes 18.7
60 0.8 J.T. Martin 75.6
64 4.2 W. Bond 84.0
85 1.7 C. Walther 49.5

This frame is roughly when the Altgens 6 photo was snapped. It
is widely quoted as being at Z255 of the Zapruder film although it
could have been as early as Z253212.

As proven by the Zapruder film and the Bronson 3 photo from circa
Z228, the bikes are well to the rear of the limo so J.M. Chaney is
not looking at JFK (it’s an optical illusion in the photo).

212Brian T. Kelleher judges Altgens 6 to be Z253 on page 55 of his book “The Com-
plete Unraveling of the JFK Assassination: A Lost Bullet’s Deadly Trail”. Judging
from Mc63 and assessing the relative position of the Presidential limo and the
white road marking he could well be correct. The visual matching from the Za-
pruder film to the Altgens photo is somewhat tricky as the angles are so different,
but my own judgement is that the Altgens 6 photo was taken somewhere around
Z253-Z255.



E Sample Animation Frames 97

Figure 31: Photo “Altgens 6”
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E.7 Z280

Figure 32: Animation Frame “Z280”
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12:29:58.19 Z280.0

(63) Muchmore 2a
Gust of wind catches Moorman & Hill coats

(41) Wiegman Starts Filming

Actor - MPH - Feet
0 11.8 Dallas Police Lead 1071.9
1 10.7 Presidential Limo 966.6
2 13.0 B.J. Martin 923.5
3 13.2 B.W. Hargis 934.7
4 10.9 J.M. Chaney 947.6
5 11.7 D.L. Jackson 952.9
6 10.1 Secret Service #1 941.3
7 12.8 Vice President 863.4
8 13.2 Secret Service #2 837.9
10 12.8 HSCA Dictabelt 142.4
11 10.6 Mayor Cabell 756.1
12 10.5 National Press Pool 724.4
13 9.6 Camera Car #1 683.4
14 10.9 Camera Car #2 1016.5
15 10.8 Camera Car #3 837.7
16 11.0 H.B. McLain 635.4
17 10.2 M.L. Baker 595.5
18 9.2 Congressman #1 801.9
19 8.7 Congressman #2 762.5
20 8.4 Congressman #3 859.5
21 7.0 VIP 817.4
22 10.7 J.W. Courson 815.7
23 7.8 C.A. Haygood 817.4
24 7.6 Bus #1 776.0
43 0.4 J. Altgens 247.5
52 2.6 M. Bell 25.1
59 5.3 R. Hughes 29.3
60 1.6 J.T. Martin 78.1
64 2.7 W. Bond 91.0
85 1.7 C. Walther 53.0

Just before the fatal shot was fired, David Wiegman started his
film213 and caught the traffic lights behind the Mayor’s car, and
the National Press Pool car is seen in front of the TSBD entrance.

Figure 33: Film Frame “Wiegman 6”

213NBC News 1963-11-22 https://youtu.be/M4mUvR3WToU?t=7850

https://youtu.be/M4mUvR3WToU?t=7850
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E.8 Z313

Figure 34: Animation Frame “Z313”
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12:30:00.00 Z313.0

(58) Bronson Z313

(66) Dorman Mayor

(46) Z313
Actor - MPH - Feet

0 12.3 Dallas Police Lead 1103.7
1 7.5 Presidential Limo 989.5
2 11.8 B.J. Martin 956.5
3 11.9 B.W. Hargis 968.1
4 11.2 J.M. Chaney 976.7
5 11.3 D.L. Jackson 983.4
6 7.4 Secret Service #1 963.6
7 12.2 Vice President 896.6
8 11.4 Secret Service #2 870.8
10 14.7 HSCA Dictabelt 178.3
11 12.6 Mayor Cabell 786.6
12 11.9 National Press Pool 753.7
13 10.3 Camera Car #1 710.0
14 10.9 Camera Car #2 1044.3
15 11.9 Camera Car #3 867.9
16 10.3 H.B. McLain 663.5
17 11.3 M.L. Baker 624.1
18 9.6 Congressman #1 826.9
19 9.5 Congressman #2 786.6
20 9.2 Congressman #3 882.9
21 8.5 VIP 837.7
22 10.3 J.W. Courson 843.3
23 5.9 C.A. Haygood 835.5
24 7.5 Bus #1 795.9
25 7.4 Local Press 745.3
43 0.3 J. Altgens 248.3
52 1.8 M. Bell 30.9
59 4.5 R. Hughes 42.6
60 2.6 J.T. Martin 83.7
85 1.8 C. Walther 57.7

Here is when the effects of the fatal shot to JFK become visible in
the Zapruder film.

Just before Z313 the Dorman film shows the Mayor’s car passing
the traffic lights.
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E.9 Z410

Figure 35: Animation Frame “Z410”
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12:30:05.30 Z410.0

(43) Altgens 7

Decker ricochet
''one of the bullets hit the concrete and bounced''

(66) Dorman McLain
Congressman cars 1 & 2 visible on Houston

Robert Jackson Gun
Gun is withdrawn from the TSBD window

Actor - MPH - Feet
0 14.1 Dallas Police Lead 1206.0
1 23.9 Presidential Limo 1103.9
2 8.5 B.J. Martin 1013.3
6 13.2 Secret Service #1 1035.5
7 10.9 Vice President 975.1
8 9.2 Secret Service #2 939.5
11 4.6 Mayor Cabell 868.6
12 6.9 National Press Pool 837.6
13 5.4 Camera Car #1 776.9
14 7.6 Camera Car #2 1122.6
15 8.5 Camera Car #3 953.4
16 5.9 H.B. McLain 728.4
17 11.2 M.L. Baker 714.5
18 8.9 Congressman #1 900.2
19 9.4 Congressman #2 861.5
20 9.8 Congressman #3 957.8
21 10.3 VIP 915.4
22 12.8 J.W. Courson 930.6
23 6.6 C.A. Haygood 876.7
24 6.9 Bus #1 853.4
25 7.0 Local Press 801.0
26 7.4 Bus #2 746.4
43 0.3 J. Altgens 250.5
44 6.4 B. & C. Hester 18.1
45 0.9 Newman Family 14.9
60 4.4 J.T. Martin 112.1
73 4.7 Duck Man 12.7
78 4.9 Knoll Runner 21.9
80 1.4 Joe M. Smith 0.6
82 1.4 W.E. Barnett 30.7
83 6.2 G. Calvery 14.8
84 1.1 B. Lovelady 0.5
85 1.8 C. Walther 71.4
86 5.9 J. Powell 87.4
87 2.1 A. Euins 0.9

Z410 is where the Dorman film depicts H.B. McLain turning from
Houston onto Elm Street.

In this animation frame we can imagine a possible bullet trajectory
from the sixth floor TSBD window to the kerb near James Tague
on the south side of Main Street near the rail-road bridge. The
gunman would have needed to cope with the limo accelerating away
and turning right sharply so perhaps he rushed the shot, it went
slightly wide, thus hitting the road, with the resulting ricochet214

shrapnel being directed towards Tague. A bullet hitting the road
near the limo was reported by Royce Skelton215. It’s also possible
that the shrapnel that hit Tague in the face was not the same piece
that hit the kerb.

214An example of a bullet ricochet: https://www.youtube.com/watch?v=
LZEyDGxJwAk

215WCR V.6 p.238 https://www.maryferrell.org/showDoc.html?docId=
35#relPageId=248

https://www.youtube.com/watch?v=LZEyDGxJwAk
https://www.youtube.com/watch?v=LZEyDGxJwAk
https://www.maryferrell.org/showDoc.html?docId=35#relPageId=248
https://www.maryferrell.org/showDoc.html?docId=35#relPageId=248
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Skelton’s initial statement from the day of the assassination is
worth reflecting on, as it would come from a fresher memory than
his later statements:

“I was standing on top of the train trestle where it crosses Elm Street
with Austin Miller. We saw the motorcade come around the corner
and I heard something which I thought was fireworks. I saw some-
thing hit the pavement at the left rear of the car, then the car got
in the right hand lane and I heard two more shots. I then heard a
woman say ’Oh no’ or something and grab a man inside the car. I
then heard another shot and saw the bullet hit the pavement. The
concrete was knocked to the South away from the car. It hit the pave-
ment in the left or middle lane.”216

Skelton mentions four shots like his WCR statement, but he gives
some interesting details regarding where the bullet hit the road,
and the order of the shots. He also mentions that the limo changed
lane which is circa Z400-Z450, corroborating the time of the final
shot in Mc63.

Just before Z410 James Altgens snapped the so called Altgens 7
photo. If you look closely you can just make out the outline of
Bill Decker in the left rear seat of the lead car as he watches the
Presidential limo (he saw the bullet hit the road at around this
time). In the full version of this photo you can also see Skelton and
Austin Miller standing on top of the underpass bridge (near Sam
Holland)217.

216HSCA V.5 p.537 https://history-matters.com/archive/jfk/hsca/
reportvols/vol5/pdf/HSCA_Vol5_1229_1_Narration.pdf

217“Six Seconds In Dallas” p.61 https://archive.org/details/
SixSecondsInDallas

https://history-matters.com/archive/jfk/hsca/reportvols/vol5/pdf/HSCA_Vol5_1229_1_Narration.pdf
https://history-matters.com/archive/jfk/hsca/reportvols/vol5/pdf/HSCA_Vol5_1229_1_Narration.pdf
https://archive.org/details/SixSecondsInDallas
https://archive.org/details/SixSecondsInDallas
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Figure 36: Photo “Altgens 7”

While being questioned in the Sheriff’s office after the assassina-
tion, Jean Hill made a reference to a Secret Service agent who saw
something hit the road near her:

“Then, he asked me I was asked did I know that a bullet struck at
my feet and I said, "No; I didn’t." And he said, "What do you think
that dust was?" And I said, "I didn’t see any dust."”218

Sadly Hill wasn’t able to name the Secret Service agent, but it may
have been Forrest Sorrels who was in the Sheriff’s office soon after
the assassination:

“And I also asked if he had seen anybody else. and he pointed to a
young colored boy there, by the name of Euins. And I got him and
Mr. Brennan, and I took them over to the sheriff’s office where we
could get statements from them.”219

E.9.1 Road Crater

At this point in my research I asked myself:
218WCR V.6 p.221 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh6/pdf/WH6_Hill.pdf
219WCR V.7 p.349 https://www.history-matters.com/archive/jfk/wc/

wcvols/wh7/pdf/WH7_Sorrels.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh6/pdf/WH6_Hill.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Sorrels.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_Sorrels.pdf


E Sample Animation Frames 103

• What would happen to a bullet striking an asphalt road?

Helpfully NOVA220 PBS221 conducted an experiment with the help
of Michael Haag and Luke Haag222 to see what would happen if a
bullet hit asphalt, which demonstrated that:

• The bullet hitting the road would kick up some debris that
could be seen by witnesses.

• A bullet hitting a tree branch in the oak tree near the TSBD
would not be directed towards Tague (i.e. ruling out a de-
flected shot as early as Z150-Z170 hitting Tague).

Ergo after hitting the road the bullet would have disintegrated and
thrown up some dust and debris that was seen by Decker, Miller,
and Skelton. Then it left behind a small crater in the road before
some of the shrapnel fragments hit Tague and the kerb in front of
him.

The final proof that a shot at Z400 could have been responsible for
Tague’s injuries is a view from the snipers perch to see if it lines up.
As a visual reference from the sixth floor of the TSBD, this photo
shows a possible road strike point (red box); how it relates to where
Tague was standing (yellow box); and the manhole cover area (white
box):

220https://en.wikipedia.org/wiki/Nova_(American_TV_program)
221https://en.wikipedia.org/wiki/PBS
222“The Shot That Missed” 2013 https://www.youtube.com/watch?v=

iiUv2WQKBjo

https://en.wikipedia.org/wiki/Nova_(American_TV_program)
https://en.wikipedia.org/wiki/PBS
https://www.youtube.com/watch?v=iiUv2WQKBjo
https://www.youtube.com/watch?v=iiUv2WQKBjo
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Figure 37: Photo “Road Crater Location Z400-Z410”

Photo source: Twitter / Sixth Floor Museum223

The Presidential limo would have been in a similar place to the
black car (further to the left into the centre lane, and slightly fur-
ther forward down the hill past the lamppost). In other words the
trajectory is correct from above as the animation shows, and is also
correct from the assassin’s eye view. If this is what happened in
1963, then the assassin very nearly shot Clint Hill (as he was stand-
ing on the rear left of the limo at that time as per Altgens 7). It
would have been a very difficult shot though, as the car was travel-
ling over 20 MPH at that time and swerving to the right.

While appendix E.9.1 is not absolute proof of what happened in
1963, it does demonstrate the theory is possible because it is con-
sistent with the physical evidence and the witness testimony.

223Tweet from https://twitter.com/SixthFlrMuseum on 2019-04-26 - “The
photo on the left was taken from the sixth floor of the TSBD building on November
26 or 27, 1963.” https://t.co/XuyUGQKdw1

https://twitter.com/SixthFlrMuseum
https://t.co/XuyUGQKdw1
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E.10 Z420

Figure 38: Animation Frame “Z420”
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12:30:05.84 Z420.0

(52) Bell 1
3 Lead bikes in far distance nearing Daniel

Decker ricochet
''one of the bullets hit the concrete and bounced''

(66) Dorman McLain
Congressman cars 1 & 2 visible on Houston

(11) Milton Wright 3
3rd Shot around here as Wright turns to TSBD

(65) Nix End

(72) Skelton Ricochet
Ricochet dust in middle/left lane. Car in right lane.

(41) Wiegman departs 2
3rd Shot around here. Compression on face from shot

(46) Z413
Emmett Hudson's head in Z-Film

Actor - MPH - Feet
0 14.3 Dallas Police Lead 1217.4
1 26.7 Presidential Limo 1123.9
2 9.6 B.J. Martin 1020.5
6 17.0 Secret Service #1 1047.4
7 11.7 Vice President 984.1
8 10.0 Secret Service #2 947.1
11 2.4 Mayor Cabell 871.4
12 5.4 National Press Pool 842.5
13 5.5 Camera Car #1 781.3
14 6.8 Camera Car #2 1128.4
15 7.6 Camera Car #3 959.8
16 5.3 H.B. McLain 732.9
17 10.9 M.L. Baker 723.4
18 9.6 Congressman #1 907.6
19 10.2 Congressman #2 869.4
20 10.7 Congressman #3 966.0
21 11.1 VIP 924.0
22 13.5 J.W. Courson 941.1
23 7.2 C.A. Haygood 882.2
24 6.9 Bus #1 859.0
25 7.0 Local Press 806.6
26 7.3 Bus #2 752.3
41 5.5 D. Wiegman 1.7
43 0.3 J. Altgens 250.7
44 6.4 B. & C. Hester 23.3
60 4.5 J.T. Martin 115.6
73 6.9 Duck Man 17.4
76 2.3 E. Hudson 0.7
78 4.2 Knoll Runner 25.6
80 2.6 Joe M. Smith 2.2
81 0.5 Edgar L. Smith 0.1
82 2.7 W.E. Barnett 32.3
83 6.9 G. Calvery 20.0
84 2.0 B. Lovelady 1.7
85 1.8 C. Walther 72.9
86 5.9 J. Powell 92.2
87 3.6 A. Euins 3.2

Milton Wright and David Wiegman would have started to react to
the final shot by this point.
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E.11 Z447

Figure 39: Animation Frame “Z447”
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12:30:07.32 Z447.0

(41) Wiegman Zapruder
Syncs with Zapruder to triangulate Limo

(41) Wiegman Zapruder Hargis
Hargis has dismounted

(46) Zapruder Wiegman
Syncs with Wiegman to triangulate Limo Actor - MPH - Feet

0 14.9 Dallas Police Lead 1249.0
1 32.1 Presidential Limo 1188.7
2 9.9 B.J. Martin 1041.5
6 23.8 Secret Service #1 1093.1
7 14.9 Vice President 1012.6
8 12.9 Secret Service #2 971.6
12 0.6 National Press Pool 849.3
13 3.7 Camera Car #1 791.7
14 3.8 Camera Car #2 1140.0
15 4.6 Camera Car #3 973.2
16 4.1 H.B. McLain 742.9
17 9.9 M.L. Baker 746.0
18 9.6 Congressman #1 929.0
19 10.8 Congressman #2 892.5
20 11.8 Congressman #3 990.7
21 12.2 VIP 949.6
22 15.3 J.W. Courson 972.5
23 8.3 C.A. Haygood 899.0
24 6.7 Bus #1 873.6
25 6.9 Local Press 821.6
26 7.2 Bus #2 768.0
27 10.2 R. Smart 373.7
41 8.0 D. Wiegman 16.3
43 0.3 J. Altgens 251.4
44 4.6 B. & C. Hester 35.7
55 0.2 R. Croft 255.5
60 4.7 J.T. Martin 125.6
73 10.8 Duck Man 37.0
76 1.1 E. Hudson 7.2
78 0.5 Knoll Runner 31.3
80 5.3 Joe M. Smith 10.8
81 2.4 Edgar L. Smith 3.3
82 5.7 W.E. Barnett 41.5
83 8.4 G. Calvery 36.7
84 3.2 B. Lovelady 7.6
85 1.8 C. Walther 76.7
86 5.8 J. Powell 104.8
87 5.0 A. Euins 13.2

A couple of seconds or so after the final shot, the Zapruder film and
the Wiegman film can be synchronized (Wiegman had just started
his sprint down Elm Street).

Figure 40: Film Frame “Wiegman 265”
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E.12 McIntire 1

Figure 41: Animation Frame “McIntire 1”
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(43) Altgens 8
Hesters on ground. Zapruder/Sitzman down & walking

(52) Bell 3
Press Pool car just approaching steps

(61) McIntire 1
Chaney under bridge. Jackson & Mayor not visible Actor - MPH - Feet

4 24.3 J.M. Chaney 1257.5
5 16.8 D.L. Jackson 1090.7
11 14.4 Mayor Cabell 1049.1
12 13.7 National Press Pool 976.2
16 5.8 H.B. McLain 830.4
22 5.6 J.W. Courson 1157.6
23 6.0 C.A. Haygood 1035.8
25 4.3 Local Press 949.5
26 4.9 Bus #2 877.6
27 5.8 R. Smart 522.8
28 5.9 R.J. Dale 411.5
29 6.2 Extra #1 834.1
30 6.7 Western Union 795.5
31 7.1 Signal Corps 756.0
41 0.9 D. Wiegman 176.3
42 6.2 T. Atkins 60.3
46 1.6 Zapruder Sitzman 11.1
48 1.0 J. Towner 13.3
53 0.2 R. Bothun 228.9
54 5.8 F. Cancellare 40.1
55 1.0 R. Croft 267.8
60 1.4 J.T. Martin 191.7
77 7.5 Black dog man 46.0
78 6.4 Knoll Runner 70.5
79 2.0 Franzen Family 17.9
81 8.3 Edgar L. Smith 123.6
85 1.7 C. Walther 107.9
86 0.8 J. Powell 174.4

Mel McIntire’s photo places J.M. Chaney under the bridge about 15
seconds after the final shot was fired. D.L. Jackson and the Mayor’s
car have yet to come into view from behind the bridge. James Alt-
gens has just taken his final photo.

Figure 42: Photo “McIntire 1”
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E.13 Bond 4

Figure 43: Animation Frame “Bond 4”
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(64) Bond 4

(41) Wiegman B start

Actor - MPH - Feet
13 4.5 Camera Car #1 856.9
14 5.0 Camera Car #2 1192.8
15 4.3 Camera Car #3 1009.6
16 8.1 H.B. McLain 996.4
18 2.2 Congressman #1 970.7
19 2.0 Congressman #2 944.5
20 1.5 Congressman #3 1055.3
22 10.9 J.W. Courson 1350.7
23 7.7 C.A. Haygood 1200.5
32 0.6 Extra #2 823.2
33 1.6 Bus #3 785.0
34 2.5 Dallas Police Rear 746.8
37 2.0 B.W. Hargis (h) 94.4
41 0.3 D. Wiegman 222.4
42 0.4 T. Atkins 178.4
43 1.3 J. Altgens 338.0
44 1.4 B. & C. Hester 72.0
46 2.5 Zapruder Sitzman 31.0
48 0.6 J. Towner 38.7
53 0.2 R. Bothun 233.5
54 0.5 F. Cancellare 163.8
55 0.5 R. Croft 290.0
57 3.3 J. Darnell 24.2
80 3.6 Joe M. Smith 197.6
81 0.4 Edgar L. Smith 207.8
84 4.9 B. Lovelady 81.9
85 1.4 C. Walther 145.9

About thirty seconds after the shooting stopped Wilma Bond took
her first post assassination photo:

Figure 44: Photo “Bond 4”
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E.14 Atkins films Wiegman

Figure 45: Animation Frame “Atkins films Wiegman”
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(42) Atkins films Wiegman
As seen in "The Last Two Days"

Actor - MPH - Feet
3 11.3 B.W. Hargis 1132.0
13 4.8 Camera Car #1 1020.6
14 3.0 Camera Car #2 1335.4
15 3.4 Camera Car #3 1141.3
18 4.8 Congressman #1 1079.5
19 4.9 Congressman #2 1053.9
20 5.0 Congressman #3 1158.8
21 5.7 VIP 1103.3
23 1.0 C.A. Haygood 1384.0
24 5.9 Bus #1 1038.7
41 8.3 D. Wiegman 281.0
43 1.3 J. Altgens 374.1
49 0.6 P. Willis 243.7
53 0.6 R. Bothun 243.0
54 1.1 F. Cancellare 218.7
57 3.3 J. Darnell 122.1
75 4.9 J. Skaggs 102.5
80 3.5 Joe M. Smith 302.7
81 0.3 Edgar L. Smith 217.6
84 4.6 B. Lovelady 233.4
85 0.7 C. Walther 176.6

This frame catches David Wiegman running back to Camera Car
#1 as filmed by Thomas Atkins. The black line overlay shows Wieg-
man’s run around Dealey Plaza during the sixty seconds or so after
the assassination.

Figure 46: Film Frames “Atkins films Wiegman 1 & 2”
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E.15 Cabluck 2

Figure 47: Animation Frame “Cabluck 2”
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Cabluck 2
MacNeil watches Mr Newman thump the ground

Actor - MPH - Feet
13 5.7 Camera Car #1 1198.1
18 22.3 Congressman #1 1508.8
19 15.5 Congressman #2 1379.0
20 13.0 Congressman #3 1437.7
21 12.1 VIP 1373.7
24 9.2 Bus #1 1309.6
25 11.8 Local Press 1170.0
26 8.2 Bus #2 1058.9
27 7.7 R. Smart 688.5
28 8.2 R.J. Dale 521.4
29 6.0 Extra #1 933.6
30 4.9 Western Union 895.5
31 4.3 Signal Corps 868.2
32 4.0 Extra #2 842.0
33 3.5 Bus #3 802.0
34 3.1 Dallas Police Rear 765.8
38 5.9 C.A. Haygood (h) 96.0
49 3.0 P. Willis 272.9
54 2.6 F. Cancellare 369.6
71 8.0 R. MacNeil 90.9
81 2.7 Edgar L. Smith 318.6

Harry Cabluck took a photo about a minute and a half after the
shooting stopped, catching C.A. Haygood in the background. This
frame has an overlay of the route Robert MacNeil took up the grassy
knoll. Cabluck 2 syncs with Jimmy Darnell filming MacNeil run-
ning and William Newman thumping the ground.

Figure 48: Darnell Film Frame & Photo “Cabluck 2”
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E.16 Bond 8

Figure 49: Animation Frame “Bond 8”
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(64) Bond 8
Sync with Darnell 4 - runners by tree

(57) Darnell 4
Sync with Bond 8 - runners by tree

Actor - MPH - Feet
26 14.4 Bus #2 1462.1
27 14.9 R. Smart 1074.9
28 14.0 R.J. Dale 1095.4
29 14.1 Extra #1 1392.3
30 14.0 Western Union 1344.0
31 13.0 Signal Corps 1271.2
32 11.0 Extra #2 1204.4
33 5.5 Bus #3 1107.6
34 5.1 Dallas Police Rear 1059.9
81 1.4 Edgar L. Smith 421.2

The Bond 8 photo was taken nearly two minutes after the assassi-
nation had finished. At the same time, Jimmy Darnell was filming
the same area of the grassy knoll, hence the yellow triangles are
overlapping (note the person in the light jacket running, with their
shadow reaching the tree).

Figure 50: Darnell Film Frame & Photo “Bond 8”
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F Dealey Plaza Witness Survey

With so many contradictions and discrepancies in this case, an ex-
haustive witness survey is a useful guide for evaluating the many
theories that have been concocted over the years. Several witness
studies have been published which I have found very useful for cre-
ating my own survey:

• John McAdams224

• Josiah Thompson225

• Mike Russ226

• Pat Speer227

• Stewart Galanor228

• Todd Wayne Vaughan229

After reading all of the witness statements and interviews that I
could find I summarised the information in a spreadsheet. I was
able to determine several things regarding the number of shots fired
and when they were fired. This spreadsheet can be downloaded by
anyone who wants to check my work230.

The method I have used for measuring shots is as follows:

• If a witness gave a single number for total shots fired I use
that. If a minimum and maximum is given, an average is cal-
culated.

224https://www.jfk-assassination.net/shots.htm
225“Six Seconds In Dallas” appendix A, p.252 https://archive.org/

details/SixSecondsInDallas
226https://www.jfk-assassination.net/russ/wit.htm
227Chapters 5-9 https://www.patspeer.com/chapter5thejigsawpuzzle
228https://www.history-matters.com/analysis/witness/index.htm
229http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%

20Files/M%20Disk/Motorcade%20Route/Item%2015.pdf
230https://www.marktyler.org/mc63/mc63_dpws.csv

https://www.jfk-assassination.net/shots.htm
https://archive.org/details/SixSecondsInDallas
https://archive.org/details/SixSecondsInDallas
https://www.jfk-assassination.net/russ/wit.htm
https://www.patspeer.com/chapter5thejigsawpuzzle
https://www.history-matters.com/analysis/witness/index.htm
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/M%20Disk/Motorcade%20Route/Item%2015.pdf
http://jfk.hood.edu/Collection/Weisberg%20Subject%20Index%20Files/M%20Disk/Motorcade%20Route/Item%2015.pdf
https://www.marktyler.org/mc63/mc63_dpws.csv
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• I have judged the shot sequences that the witnesses reported
by splitting the timeline into three periods of time associated
with the bursts of noise that the witnesses most commonly
mentioned:

– Around or before time Z240.
– Around the time Z270-Z330.
– Around or after time Z360.

• I have made a judgement regarding witness quality as follows:

– Can the witness associate the first and last shots with a
clear point in time, such as an event or a position of the
cars in the motorcade? If so I note them in the spread-
sheet as high quality due to the extra detail they have
given.

– If the witness first made a public statement long after the
assassination (e.g. 1978), I mark their reliability down-
wards as their memory may have been influenced by the
various published theories.

– Does the film and photographic record support or chal-
lenge the witness statement? Any challenges will reduce
the quality noted in the spreadsheet.

– Is a witness statement clear or is it ambiguous? Ambi-
guity forces me to reduce the quality rating of a witness.

– To express uncertainty about whether 0, 1, or more shots
were reported in a particular burst I have used 0.5 to
mean 0 or 1 shots in a burst; 1.5 to mean 1 or 2 shots
in a burst; etc. In the following pie charts this is a useful
way to judge the margin for error in terms of the results.

F.1 Witness Quality

Using my criteria for witness quality, the spreadsheet calculates a
percentage based on the quality of the first burst position and the
last burst time position (I say a witness is reliable if they score 75%
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or higher here). For more detail regarding how I assess reliability
see appendix F.9. The overall witness totals in each quality group
are as follows:

Figure 51: Survey: Witness Quality (all witnesses)

Row Labels Count of Name_Z

0 304

50 43

75 40

100 57

Grand Total 444

0; 68%

50; 10%

75; 9%
100; 
13%

Witness Quality (100=Good, 0=Poor)

0

50

75

100

F.2 Witness Certainty

Here is a graph showing how many witnesses gave measurable in-
formation regarding the time when the shooting started:

Figure 52: Survey: First Shot Certainty (all witnesses)
Quality (All)

Row Labels Count of Name_Z

0 304

50 39

100 101

Grand Total 444

0; 68%

50; 9%

100; 23%

Shot Start Time (100=certain 0=no idea)

0

50

100

Here is a graph showing how many witnesses gave measurable in-
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formation regarding the time when the shooting stopped:

Figure 53: Survey: Last Shot Certainty (all witnesses)
Quality (All)

Row Labels Count of Name_Z

0 311

50 73

100 60

Grand Total 444

0; 70%

50; 16%

100; 
14%

Shot Finish Time (100=certain 0=no idea)

0

50

100

F.3 Shots Fired

Here is the graph showing the number of shots that witnesses think
were fired:

Figure 54: Survey: Shots Fired (all relevant witnesses)
Quality (All)

Row Labels Count of Name_Z

1 5

2 27

2.5 16

3 177

3.5 5

4 9

5 2

8 1

Grand Total 242

1
2%

2
11%

2.5
7%

3
73%

3.5
2%

4
4%

5
1%

8
0%

Shots Fired

1

2

2.5

3

3.5

4

5

8
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F.4 Bunched Shots

Some witnesses reported bunched shots, but others reported evenly
spaced shots. Here are the number of bunched shot bursts that the
most reliable witnesses heard:

Figure 55: Survey: Bunched Shot Bursts (reliable witnesses)
Quality (Multiple Items)

Row Labels Count of Name_Z

0 38

1 53

2 5

3 1

Grand Total 97
0; 39%

1; 55%

2; 5% 3; 1%

Witnesses Reporting Multi Shot Bursts

0

1

2

3

F.5 Shot Burst 1

A large majority of witnesses think there was just a single shot fired
during “Burst 1”:

Figure 56: Survey: Burst 1 (reliable witnesses)
Quality (Multiple Items)

Row Labels Count of Name_Z

0 9

1 75

1.5 3

2 9

3 1

Grand Total 97

0; 9%

1; 78%

1.5; 3%
2; 9%

3; 1%

Burst 1 - Shots Fired

0

1

1.5

2

3
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F.6 Shot Burst 2

Most witnesses think a single shot was fired in “Burst 2”, but there
is a sizeable minority who think two shots were fired:

Figure 57: Survey: Burst 2 (reliable witnesses)
Quality (Multiple Items)

Row Labels Count of Name_Z

1 53

1.5 12

2 32

Grand Total 97

1; 55%

1.5; 
12%

2; 33%

Burst 2 - Shots Fired

1

1.5

2

F.7 Shot Burst 3

The witnesses are extremely split on what happened at the end of
the assassination in “Burst 3”:

Figure 58: Survey: Burst 3 (reliable witnesses)
Quality (Multiple Items)

Row Labels Count of Name_Z

0 52

0.5 11

1 25

2 8

3 1

Grand Total 97 0; 54%

0.5; 
11%

1; 26%

2; 8% 3; 1%

Burst 3 - Shots Fired

0

0.5

1

2

3
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F.8 Shot Permutations

We can study the permutations of all shots reported in each burst
via a pivot table, and sort the results by their frequency:

Figure 59: Survey: Shot Permutations (reliable witnesses)
Quality (Multiple Items)

B1 B2 B3 Count of Name_Z Count of Name_Z2

1 1 1 20 20.62%

1 1 0 15 15.46%

1 1 2 1 1.03%

1 1 0.5 1 1.03%

1 2 0 28 28.87%

1 2 1 1 1.03%

1 1.5 0.5 9 9.28%

0 1 2 6 6.19%

0 1 1 2 2.06%

0 2 0.5 1 1.03%

2 1 0 5 5.15%

2 1 1 2 2.06%

2 1 2 1 1.03%

2 2 0 1 1.03%

1.5 1.5 0 3 3.09%

3 2 3 1 1.03%

Grand Total 97 100.00%

Each column has been sorted in descending order and we see that
the two most commonly reported patterns are “111” and “120”,
which both total three shots each. The third most commonly re-
ported pattern is “110” but this contradicts the total of three shots
that most witnesses reported.
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F.9 Witness Reliability

Collectively the witness reports are contradictory, such as different
people reporting two, three, or four shots. They can’t all be right
so we need to have a way of parsing and understanding what the
witnesses tell us without rejecting potentially useful information.
The witness survey allows us to quantify the witness statements,
but we must also study the quality of the statements as this may re-
veal crucial details that would otherwise be missed using just data
analysis tools.

F.9.1 Suggestibility

Perhaps the most troubling aspect of witness testimony is where a
witness gave one statement in 1963, and then a few years later tell
a very different story, maybe due to suggestibility231. For example
Jean Hill was asked on the day of the assassination:

“Did you see the person who fired the shot?”232

Her reply was:

“No I didn’t see any person fire the weapon—I only heard it. I looked
up and saw this person running up this hill.”

The person she is probably referring to is visible in figure 60, which
shows Hill in the red coat in the foreground, with the man on the
other side of the road on the steps, commencing his dash up the hill:

231https://en.wikipedia.org/wiki/Suggestibility
232NBC News 1963-11-22 https://youtu.be/oJnoFA0u2Eg?t=8834

https://en.wikipedia.org/wiki/Suggestibility
https://youtu.be/oJnoFA0u2Eg?t=8834
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Figure 60: Film Frame “Muchmore 591”

29 years later in 1992 Hill said:

“It was right up there, the man was shooting from right just this side
of that tree, that large tree. That’s where I saw the shot come from.”

“I definitely saw the man shooting from the knoll.”233

The tree she was referring to was just behind the concrete wall
where others had placed the so called “Badge Man”234 figure in the
Moorman photo taken at the moment of the fatal shot. This inter-
view took place some years after Badge Man was first publicly dis-
cussed. Since this interview was recorded in 1992, the Badge Man
figure has been proven not to be human due to its small size rela-
tive to the people on the steps, and the size of Abraham Zapruder
on the nearby pedestal.

In this case I have favoured the earlier statement as I conclude that
if a witness gave a full account on the day, their memory will be
fresher and less tainted by other statements made in the media.

233“Beyond JFK: The Question of Conspiracy” (1992) 9:10 & 12:55 https://
archive.org/details/BeyondJfkAQuestionOfConspiracy

234https://en.wikipedia.org/wiki/Badge_Man

https://archive.org/details/BeyondJfkAQuestionOfConspiracy
https://archive.org/details/BeyondJfkAQuestionOfConspiracy
https://en.wikipedia.org/wiki/Badge_Man
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Hill mentioning puffs of smoke in 1992 seems awfully like some of
the other witnesses statements which became heavily cited in books
and the media from 1964 onwards, so I ignore these comments as
they weren’t mentioned by Hill in 1963 and 1964 in her very lucid
interviews.

Some witnesses changed their minds even more quickly, and gave
a different account of events just days after the assassination. For
example William Newman said this in a TV interview on the after-
noon of the assassination:

“I don’t recall a third shot—there may have been—my family hit
the ground, and I don’t recall a third shot. I do know I heard two
shots.”235

However, just 48 hours later an FBI statement quoted him from an
interview:

“He said the President was hit on the right side of the head with the
third shot”236

As the earliest statement was so clear, I tend to favour that as the
most accurate recollection that Newman has given regarding what
he heard. During the TV interview Newman was repeatedly told
there was a third shot, and with other people (including his wife
Gayle) mentioning more shots, his memory may have been influ-
enced by other comments about the number of shots fired.

F.9.2 Attentiveness

Human beings are not mechanical recording devices and their
senses can only be of use when focused. If a persons attention is
elsewhere they will not be able to perceive and remember as well as
someone who is paying more attention.

235WFAA-TV interview 1963-11-22 https://youtu.be/iC1ebqkXGTk?t=699
2361963-11-24 22H843 https://www.history-matters.com/archive/jfk/

wc/wcvols/wh22/html/WH_Vol22_0437a.htm

https://youtu.be/iC1ebqkXGTk?t=699
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0437a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0437a.htm
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For example James Altgens said:

“There was not another shot fired after the President was struck in
the head. That was the last shot—that much I will say with a great
degree of certainty.”237

Malcolm Summers was standing near Altgens during the shooting,
and confirmed this by saying:

“The President’s car had just come up in front of me when I heard
a shot and saw the President slump down in the car and heard Mrs
Kennedy say ’Oh, no’., then a second shot and then I hit the ground
as I realized these were shots.”238

In the Zapruder film we see Summers hit the ground after the fatal
head shot which suggests he didn’t hear any more shots after this
point.

By contrast several other witnesses disagree and are certain that
another shot was fired. Therefore I need to explain this conflict
somehow, such as:

1. Altgens and others are wrong as there was a shot fired after
the fatal head shot.

2. Altgens and others are right as there was not a shot fired after
the fatal head shot.

In this instance I favour explanation 1 due to the synchronizations
in the animation and the supporting eyewitness testimony. It’s
more likely that a few people are independently mistaken due to
being distracted rather than a dozen being wrong when describing
the same event happening at the same time (i.e. a shot being fired
circa Z400).

237WCR V.7 p.518 https://history-matters.com/archive/jfk/wc/
wcvols/wh7/html/WC_Vol7_0263b.htm

238WCR V.9 p.500 Sheriff statement 1963-11-23 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0259b.htm

https://history-matters.com/archive/jfk/wc/wcvols/wh7/html/WC_Vol7_0263b.htm
https://history-matters.com/archive/jfk/wc/wcvols/wh7/html/WC_Vol7_0263b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0259b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh19/html/WH_Vol19_0259b.htm
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It should also be borne in mind that Altgens was taking a photo
around Z400 so his attention would have been focused on that,
rather than any of the other distractions happening in that moment
(e.g. crowd screaming, vehicle noise, shot, etc). In particular for
Altgens and Summers a noisy Harley Davidson bike ridden by B.J.
Martin was passing them around the time of the third shot which
would have caused them to be more distracted than other people.
Perhaps even louder than this was the siren that was sounding just
before the final shot was fired (as explained in section 6.1.1), which
was located just 10-15 feet in front of Altgens and Summers and
probably masked the noise of the final gunshot.

F.9.3 Equivalence

Many witnesses described hearing three shots. However, this does
not necessarily mean they heard the same three shots. Mary Moor-
man said:

“I snapped the picture, and at the same time I snapped the picture I
heard a sound. Then I had my picture taken, and was not holding
the camera in front of my face and I heard two more sounds.”239

Please note the difference from what James Altgens said in section
F.9.2, as he described the head shot as the second shot. Therefore
when we say most witnesses heard the same number of shots we
must make an effort to identify which shots in the sequence they
are referring to.

In this specific case Moorman heard two shots after the fatal shot,
but Altgens heard none. Also, Altgens heard one shot before the
fatal shot whereas Moorman heard none. Ergo between both wit-
nesses they collectively heard four separate shots, even though nei-
ther of them claimed to hear all four. This is important because
other witnesses on the underpass bridge did hear four shots.

239IAntique.com interview 2011-05-24 https://youtu.be/WgNF-sPW8YI?t=
99

https://youtu.be/WgNF-sPW8YI?t=99
https://youtu.be/WgNF-sPW8YI?t=99
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Not hearing the first shot that hit JFK, and still hearing three or
more shots is not unique to Moorman. On the same side of Elm
Street and just to the west of Altgens were Jack Franzen and his
family. Mr Franzen gave evidence to the FBI two days after the
assassination, who then reported:

“He said he heard the sound of an explosion which appeared to him
to come from the President’s car and noticed small fragments flying
inside the car and immediately assumed someone had tossed a fire-
cracker inside the automobile. He heard a second and third and pos-
sibly a fourth explosion and recognized these sounds as being shots
fired from some firearm.”240

Mrs Franzen gave evidence to the FBI three days after the assassi-
nation, who then reported:

“She advised shortly after the President’s automobile passed by on
Elm Street near where she and her family were standing, she heard
a noise which sounded to her as if someone had thrown a firecracker
into the President’s automobile. She advised at approximately the
same time she noticed dust or small pieces of debris flying from the
President’s automobile.

She advised she heard two other sounds which sounded like shots
from a firearm and noticed blood appearing on the side of President
Kennedy’s head.”241

Ruby Henderson also mentioned at least one shot after the fatal
shot, possibly three, depending on whether she missed the the first
like Mr & Mrs Franzen. She is quoted in an FBI interview from
1963-12-06:

“Mrs Henderson said at the time the motorcade passed where she
was standing, she heard what she initially thought was a firecracker
and saw what she thought was paper fly out of the Presidential car.

240WCR CE 1428 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh22/pdf/WH22_CE_1428.pdf

241WCR CE 2090 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh24/html/WH_Vol24_0272a.htm

https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1428.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/pdf/WH22_CE_1428.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0272a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0272a.htm
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She said she now realized it was a shot she heard and what she
thought was paper was probably flesh. She said after the first shot,
she believes she heard two more in rapid succession, and then a
fourth shot.”242

If Moorman, Henderson, and the Franzen’s did indeed hear two
shots fired after the fatal head shot then at least four shots were
fired in total.

F.9.4 Weight

When evaluating witness evidence it’s important to consider the
weight of the evidence provided by the witnesses. I consider
“weight” here to mean primarily the quality of the witness ac-
count (e.g. how much detail they offer in their early statements),
not merely the quantity of other witnesses who agree. Conversely
many researchers erroneously assume that if dozens of witnesses
say something then it must be believed regardless of the basis in
fact.

With so much contradictory evidence in this case I think the best
approach is to study the evidence, and weigh up each of the possibil-
ities to decide upon each of the conflicts as they appear. For example
the witnesses mostly say that three shots were fired. However, as
shown in section F.8, the witnesses are split regarding the pattern
of these shots (some said the shots were evenly spaced, whereas oth-
ers said that they were bunched). There is no simple explanation
of all of those conflicts, but it’s fair to assume that many witnesses
were simply mistaken in their views (possibly due to the stress of
the situation).

242WCR CE 2089 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh24/html/WH_Vol24_0271b.htm

https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0271b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0271b.htm
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F.9.5 Time

Many witnesses gave their estimation of time between shots, which
ranged from 1 to 5 seconds typically. Witnesses also gave a total
time for all the shots to be fired, which ranged from 4 to 10 sec-
onds typically. For example Phil Willis said there were 2 seconds
between the three shots he heard243 and Malcolm Couch said the
whole shooting lasted 10 seconds244. When considering these time
estimates it’s important not to be too pedantic as these are merely
human impressions rather than precise measurements. A good il-
lustration of this regards two photos that Phil Willis took, known
as “Willis 4” and “Willis 5”. According to Mc63 the time between
the two was 3.8 seconds (Z133 to Z202 at 18.3 FPS). This is what
Willis said about that time gap:

“not more than 3 seconds.”245

This means he was almost correct, but he slightly underestimated
the real time somewhat. Most witnesses seem to cluster into two
groups regarding total shot duration:

• 4-6 seconds.

• 8-10 seconds.

This suggests to me that those who report 4-6 seconds missed either
the first or the last burst of noise (which was fairly common judging
from the survey). An easier way to understand this is to view a
timeline of assassination events:

243WCR V.7 p.495 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_PhillipWillis.pdf

244FBI interview 1963-11-27 WCR CD5 https://www.history-matters.com/
analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_
0045a.gif

245WCR V.7 p.494 https://www.history-matters.com/archive/jfk/wc/
wcvols/wh7/pdf/WH7_PhillipWillis.pdf

https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_PhillipWillis.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_PhillipWillis.pdf
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0045a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0045a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0045a.gif
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_PhillipWillis.pdf
https://www.history-matters.com/archive/jfk/wc/wcvols/wh7/pdf/WH7_PhillipWillis.pdf
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Figure 61: Assassination Timeline
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The light orange triangles represent the known shot events in the
Zapruder film. The light pink triangles represent times where there
is some evidence of shots being fired, such as witness statements or
jiggling in the Zapruder film. With no evidence of these extra shots
hitting the victims, either they were missed shots (possibly decoys)
or they did not happen and the witnesses were simply wrong. If
there were two gunmen they each had about 5 seconds to reload
and aim between shots.

The timeline enables us to see some interesting patterns regarding
the films and when they were stopped relative to the Zapruder film:

• The Dorman film seems to be stopped about the same time
we see JFK and John Connally reacting to being shot in the
Zapruder film (Z225-Z240).

• The Muchmore and Bronson films were both stopped within a
fraction of a second of each other about 1.5 seconds after the
fatal head shot.

• The Nix and Dorman films were both stopped within a fraction
of a second of each other about 0.5 to 2 seconds after the last
shot.

These events are consistent with the camera operators being star-
tled by noisy gunfire and deciding to stop filming. Studying the wit-
ness interviews and statements help us understand these events a
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little more. In 1998 Gary Mack mentioned that Elsie Dorman said
she stopped filming after the first shot:

“She remembered that the first shot was very loud and sounded like
it came from behind her. She said she stopped filming just after the
first shot, but it’s hard to tell exactly when that moment occurs in the
film.”246

This is similar to what she said in 1963 and 1964, but sadly no more
concrete details were given:

“I was at this window attempting to photograph the motorcade when
I heard a noise like gunshots.”247

“The window was raised and she was taking pictures. It was at this
time she heard sounds which sounded like shots. She felt that these
shots were coming from the area of the Records Building.”248

Then we have Orville Nix who spoke to the FBI in the days following
the assassination:

“Nix then moved west on Main Street and the film picks up the
motorcade subsequent to the firing of the first two shots. Nix be-
lieved the film depicts the third shot hitting President Kennedy and
the sequence of events immediately after including Mrs Jacqueline
Kennedy reaching out over the back trunk lid to assist a Secret Ser-
vice agent who is running to her aid.”249

This indicates that he heard two shots before Z280-Z291 when he
started recording that section of his film. Sadly he didn’t give any
more details in other interviews or statements, but we can deduce

246https://groups.google.com/forum/#!msg/alt.assassination.jfk/
2IuxOMrJZzU/eFc-1lWs8mAJ

247Statement 1964-03-20 WCR V.22 p.644 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0337b.htm

248FBI report 1963-11-23 WCR CD5 https://www.history-matters.com/
analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_
0053a.gif

249FBI interview 1963-12-01 WCR V.24 p.539 https://www.history-
matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0279a.htm

https://groups.google.com/forum/#!msg/alt.assassination.jfk/2IuxOMrJZzU/eFc-1lWs8mAJ
https://groups.google.com/forum/#!msg/alt.assassination.jfk/2IuxOMrJZzU/eFc-1lWs8mAJ
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0337b.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh22/html/WH_Vol22_0337b.htm
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0053a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0053a.gif
https://www.history-matters.com/analysis/witness/witnessMap/documents/wcd_hsca/wcd_hsca_0053a.gif
https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0279a.htm
https://www.history-matters.com/archive/jfk/wc/wcvols/wh24/html/WH_Vol24_0279a.htm
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that he is probably referring to shots fired at Z185 and Z220 as per
the other witness statements.
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G References

Unless otherwise stated, the sources I used for photos, films, and
documentation are listed in this appendix.

G.1 Photos

• JFK Assassination Gallery250

• Sixth Floor Museum251

G.2 Films

• AMIPA252

• Atkins253

• Bell254 255

• Bronson256

• Couch257 258

• Daniel259

250https://www.jfkassassinationgallery.com
251https://emuseum.jfk.org/objects/images
252John Robert Yeargan collection https://www.youtube.com/watch?v=

aWAAqnv7XAQ
253“The Last Two Days” https://www.jfklibrary.org/asset-viewer/

archives/JFKWHF/WHN17/JFKWHF-WHN17/JFKWHF-WHN17
254https://www.youtube.com/watch?v=AhmeQicc6YE
255https://www.youtube.com/watch?v=WyCtms-UE0o
256https://emuseum.jfk.org/objects/47373/charles-l-bronson-

film
257https://www.youtube.com/watch?v=zmexsNkEiHc
258https://www.youtube.com/watch?v=o4GGU6-n1BM
259https://www.dailymotion.com/video/xeszxy

https://www.jfkassassinationgallery.com
https://emuseum.jfk.org/objects/images
https://www.youtube.com/watch?v=aWAAqnv7XAQ
https://www.youtube.com/watch?v=aWAAqnv7XAQ
https://www.jfklibrary.org/asset-viewer/archives/JFKWHF/WHN17/JFKWHF-WHN17/JFKWHF-WHN17
https://www.jfklibrary.org/asset-viewer/archives/JFKWHF/WHN17/JFKWHF-WHN17/JFKWHF-WHN17
https://www.youtube.com/watch?v=AhmeQicc6YE
https://www.youtube.com/watch?v=WyCtms-UE0o
https://emuseum.jfk.org/objects/47373/charles-l-bronson-film
https://emuseum.jfk.org/objects/47373/charles-l-bronson-film
https://www.youtube.com/watch?v=zmexsNkEiHc
https://www.youtube.com/watch?v=o4GGU6-n1BM
https://www.dailymotion.com/video/xeszxy
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• Darnell260 261

• Dorman262

• Hughes263

• Martin264

• Muchmore265 266

• Nix267 268

• Paschall269

• Towner270

• Wiegman271

• Zapruder272 273 274

G.3 Website Links

Here is a list of the most useful websites that I used as sources in
the first five months of the project (alpha order):

260https://www.youtube.com/watch?v=PCHTdTF7YbE
261https://www.dailymotion.com/video/x6tx3l3
262https://emuseum.jfk.org/objects/11267/elsie-dorman-film
263https://emuseum.jfk.org/objects/23202/robert-hughes-film
264https://www.youtube.com/watch?v=KqMtbnBxIYU
265http://www.aparchive.com/compilationsclipreel/41804/19617/

People
266https://youtu.be/sMdreKlLhJY
267https://emuseum.jfk.org/objects/32262/orville-nix-film
268https://youtu.be/ydQtC0m_xzc
269https://www.youtube.com/watch?v=kiddBtPpdEM
270https://emuseum.jfk.org/objects/43384/tina-towner-film
271https://youtu.be/M4mUvR3WToU?t=7850
272https://emuseum.jfk.org/objects/32274/abraham-zapruder-film
273https://www.assassinationresearch.com/zfilm
274https://sites.google.com/site/lightboxzframes/

https://www.youtube.com/watch?v=PCHTdTF7YbE
https://www.dailymotion.com/video/x6tx3l3
https://emuseum.jfk.org/objects/11267/elsie-dorman-film
https://emuseum.jfk.org/objects/23202/robert-hughes-film
https://www.youtube.com/watch?v=KqMtbnBxIYU
http://www.aparchive.com/compilationsclipreel/41804/19617/People
http://www.aparchive.com/compilationsclipreel/41804/19617/People
https://youtu.be/sMdreKlLhJY
https://emuseum.jfk.org/objects/32262/orville-nix-film
https://youtu.be/ydQtC0m_xzc
https://www.youtube.com/watch?v=kiddBtPpdEM
https://emuseum.jfk.org/objects/43384/tina-towner-film
https://youtu.be/M4mUvR3WToU?t=7850
https://emuseum.jfk.org/objects/32274/abraham-zapruder-film
https://www.assassinationresearch.com/zfilm
https://sites.google.com/site/lightboxzframes/
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• JFK Assassination Gallery275 (Robin Unger)

• JFK Lancer276

• JFK Library277

• Mary Ferrell Foundation278

• National Archives279

• Pat Speer280

• The Sixth Floor Museum281

• The Weisberg Collection, Hood College282

While developing this document I also used these sources when pur-
suing lines of enquiry:

• alt.assassination.jfk283 284

• Dale K. Myers285 286

• David Von Pein287

275https://www.jfkassassinationgallery.com
276http://www.jfklancer.com
277https://www.jfklibrary.org
278https://www.maryferrell.org
279https://www.archives.gov/research/jfk
280http://www.patspeer.com
281https://www.jfk.org
282http://jfk.hood.edu
283https://groups.google.com/forum/#!forum/alt.assassination.jfk
284Mc63 thread https://groups.google.com/forum/#!topic/

alt.assassination.jfk/o_tGsuLelTI
285https://www.jfkfiles.com
286http://jfkfiles.blogspot.com
287http://davidvonpein.blogspot.com
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• Education Forum288 289 290

• History Matters291 (Rex Bradford)

• JFK Assassination Forum292 293

• John McAdams294

• John T. Orr295

• Max Holland296

• Prayer Man297 (Bart Kamp)

• The Puzzle Palace298 (Anthony Marsh)

G.4 Warren Commission

• AARC299

• History Matters300

• Internet Archive301

288http://educationforum.ipbhost.com/forum/126-jfk-
assassination-debate

289Mc63 thread http://educationforum.ipbhost.com/topic/25932-the-
motorcade-puzzle/

290DPWS thread http://educationforum.ipbhost.com/topic/26676-
dealey-plaza-witness-survey/

291https://history-matters.com/jfkmurder.htm
292https://www.jfkassassinationforum.com
293Mc63 thread https://www.jfkassassinationforum.com/index.php/

topic,2277.0.html
294https://www.jfk-assassination.net/home.htm
295http://www.mountainrivercabins.com/JFK
296https://www.washingtondecoded.com
297http://www.prayer-man.com
298http://www.the-puzzle-palace.com
299https://aarclibrary.org/publib/contents/contents_wc.htm
300https://history-matters.com/archive/jfk/wc/contents.htm
301https://archive.org/details/WarrenReport

http://educationforum.ipbhost.com/forum/126-jfk-assassination-debate
http://educationforum.ipbhost.com/forum/126-jfk-assassination-debate
http://educationforum.ipbhost.com/topic/25932-the-motorcade-puzzle/
http://educationforum.ipbhost.com/topic/25932-the-motorcade-puzzle/
http://educationforum.ipbhost.com/topic/26676-dealey-plaza-witness-survey/
http://educationforum.ipbhost.com/topic/26676-dealey-plaza-witness-survey/
https://history-matters.com/jfkmurder.htm
https://www.jfkassassinationforum.com
https://www.jfkassassinationforum.com/index.php/topic,2277.0.html
https://www.jfkassassinationforum.com/index.php/topic,2277.0.html
https://www.jfk-assassination.net/home.htm
http://www.mountainrivercabins.com/JFK
https://www.washingtondecoded.com
http://www.prayer-man.com
http://www.the-puzzle-palace.com
https://aarclibrary.org/publib/contents/contents_wc.htm
https://history-matters.com/archive/jfk/wc/contents.htm
https://archive.org/details/WarrenReport


G References 134

• Mary Ferrell Foundation302

• National Archives303

• Wikipedia304

G.5 HSCA

• AARC305

• History Matters306

• Internet Archive307

• Mary Ferrell Foundation308

• National Archives309

• Wikipedia310

G.6 Feedback Credit

After I originally published the animation in 2019 several people
have helped me make the work better by: reporting errors; chal-
lenging my assumptions; making useful suggestions; giving me an
opportunity to network with a wider group of people. I am very
grateful for these contributions, even when I am proven to be wrong

302https://www.maryferrell.org/pages/Warren_Commission.html
303https://www.archives.gov/research/jfk/warren-commission-

report
304https://en.wikipedia.org/wiki/Warren_Commission
305https://aarclibrary.org/publib/contents/contents_hsca.htm
306https://history-matters.com/archive/jfk/hsca/contents.htm
307https://archive.org/details/HSCA_Report
308https://www.maryferrell.org/pages/HSCA.html
309https://www.archives.gov/research/jfk/select-committee-

report
310https://en.wikipedia.org/wiki/United_States_House_Select_

Committee_on_Assassinations
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or they disagree with my work! Here is a list of these people who
are known publicly on the web in the research community:

Pat Speer, John Butler, Chris Davidson, David Josephs, Robin
Unger, Margaret Kelly, Michael Walton, Anthony Marsh, Max Hol-
land, Nick Nalli, Paul Hoch, Randy Robertson, Jeff Morley, Mike
Russ, Larry Schnapf, John Orr, Jerry Policoff, Ramon Herrera,
Randy Owen, Todd Vaughan, Jerry Organ, Tony Krome, John
McAdams, Dale Myers.

Others have contacted me on a private or anonymous basis, and I
am very grateful for these contributions also.
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